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ABSTRACT
Hydrologie Impacts Due to Application of Dust Suppressants
by
Vivek Singh
Dr. Thomas C. Piechota, Examination Committee Chair 
Assistant Professor, Department of Civil and Environmental Engineering 
University of Nevada, Las Vegas
This study presents research on changes in hydrologie characteristics of 
disturbed land surfaces that have been treated with dust suppressants. The 
objective of this research was to develop a better understanding of the impacts, 
related to application of dust suppressants. Changes in runoff characteristics 
were investigated in the field, using a rainfall simulator on plots (which 
represented disturbed land surfaces) treated with 11 different dust suppressants. 
Results of the study indicate a general increase in the runoff coefficient as well 
as an increase in the runoff rates and volume of runoff from these dust 
suppressant treated plots. Extrapolation of the water quality results to the Las 
Vegas Valley watershed indicates a substantial decrease in the amount of 
loading for total suspended solids and phosphate and an increase in the loadings 
for sulfate and chloride. A reapplication of a dust suppressant further changes 
hydrologie characteristics and quality of runoff from treated plots.
Ill
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CHAPTER 1
INTRODUCTION
1.1 Research Problem 
Unpaved Roads and disturbed lands (e.g., vacant lots that have been graded, 
construction sites, agricultural areas, and landfills) are sources of fine particulate 
matter (PM-10, particulate matter less than 10 pm in diameter). The United 
States Environmental Protection Agency (USEPA) has established a health- 
based national air quality standard for PM-10, with an annual average of 50 
pg/m^ and a maximum daily concentration of 150 pg/m^ (USEPA, 1995). This air 
quality standard necessitates the need for communities to suppress wind-borne 
PM-10 emissions by stabilizing disturbed lands. One option to stabilizing 
disturbed lands is to apply chemical dust suppressants (CCHD, 2001). The 
application of these dust suppressants reduces the aeolian generation of PM-10, 
but there is a concern that their use will have a negative impact on the hydrologie 
properties of the natural surface. For instance, dust suppressants may create an 
impervious surface that will increase surface water runoff to downstream 
channels.
For rapidly urbanizing areas, such as Clark County, Nevada, the disturbance 
of the natural soil crust on several thousand acres of arid lands can increase PM- 
10 emissions (James et al., 1999). The large amounts of disturbed lands may
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
also lead to an increase in the application of dust suppressants and possibly 
adverse environmental impacts (e.g., more runoff volume, contaminated surface 
runoff, and soils).
This thesis will evaluate the hydrologie impacts on the runoff that will occur 
after disturbed land surfaces are treated with the major categories of dust 
suppressants. A thorough evaluation of the water quality impacts is presented in 
Loreto, (2002) and Piechota et al., (2002). The water quality data from Loreto 
(2002) and Piechota et al., (2002) are then used to calculate mass loadings when 
dust suppressants are applied to disturbed lands in the Las Vegas Valley 
watershed. Lastly, a preliminary evaluation of the impacts of reapplication of the 
dust suppressants is presented.
1.2 Dust Suppressants
Dust suppressants include water, fiber mulches, water-absorbing materials 
(e.g., calcium chloride, magnesium chloride), petroleum based organics (e.g., 
asphalt emulsion), non-petroleum based organics (e.g., vegetable oil, molasses), 
synthetic polymer emulsions, and lignin products. The application of these 
materials is effective in minimizing the generation of fine particulate matter, but 
very few studies have been performed to evaluate the hydrologie impacts of their 
application.
A total of 11 dust suppressants were selected for evaluation in this research 
(see Table 1).
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Table 1-1 : Summary of dust suppressants used In this thesis
Trade Name Type Manufacturer
Poly-Bond Acrylic Polymer Soil Tech
Soil Sement
Enviro-tac
EK35
Acrylic Polymer 
Acrylic Polymer 
Synthetic Iso-alkane
Midwest Industrial Supply
Environmental Product & 
Applications Inc.
Midwest Industrial Supply
Plas-Bond Fiber Mulches Soil Solutions
Dust Gard Magnesium Chloride Dustchem
Road Pro Petroleum-based Midwest Industrial Supply
Coherex Petroleum-based Golden Bear Oil
Road Oyl Organic Nonpetroleum Soil Stabilization Products
Dustac Ligninsulfonate Georgia Pacific
Topein Ligninsulfonate Topein Emulsions
The selection of the dust suppressants focused on products that represent 
different categories of dust suppressants, with an overall goal of providing 
preliminary information on the major categories of dust suppressants: the 
selection of individual products was based on input from the Clark County Dust 
Palliative Working Group, where the following items were considered in making 
the product selection.
• Types of dust suppressants currently used in southwest United States.
• Types of dust suppressants that may be used in the southwest United 
States.
•  Representation of all major categories of dust suppressants.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
• Use of the product in a previous study by James et al. (1999) for Clark 
County that evaluated the dust suppressing effectiveness of dust 
suppressants.
1.3 Research Questions
The overall goal of this thesis is to evaluate the changes in hydrologie 
characteristics of disturbed land surfaces that have been treated with different 
dust suppressants. More specifically, the following research questions will be 
addressed;
• What are the changes in the hydrologie characteristics when disturbed 
land surfaces are treated with dust suppressants?
• What are the potential changes in loadings from the Las Vegas Valley 
watershed if dust suppressants are applied to disturbed land areas?
• How do the hydrologie properties of a surface change due to reapplication 
of dust suppressants?
1.4 Presentation of this Research
This thesis will be presented in seven chapters. Chapter 2 is a literature 
review that presents background about dust suppressants, rainfall simulators and 
the hydrologie impacts that occur due to the application of dust suppressants. 
Chapter 3 describes the procedures used in the field while performing 
experiments with dust suppressants. Chapter 4 summarizes the results obtained 
from the field experiments. Chapter 5 evaluates the reapplication of dust
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
suppressants, the hydrologie changes, and the time distribution of select water 
quality parameters in the runoff. Chapter 6 uses the results presented in chapter 
4, and water quality results from Loreto, (2002) and Piechota et al., (2002) to 
calculate change in loadings due to the application of dust suppressants in the 
Las Vegas Valley watershed. Chapters 3, 4, and 6 represent materials that have 
been accepted for publication in “Journal of Hydrologie Engineering’ (Singh et al., 
2003). Lastly, conclusions and recommendations are presented in Chapter 7.
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CHAPTER 2
BACKGROUND AND LITERATURE REVIEW  
This section includes background on dust suppressants and guidelines for the 
use of dust suppressants. A literature review is then presented on rainfall 
simulators, and on the hydrologie impacts due to the application of dust 
suppressants.
2.1 Dust Suppressants 
Dust suppressants may be defined as any material which is used to control 
particulate matter from land surfaces (Piechota et al., 2003). They are commonly 
used to suppress particulate matter on construction sites, unpaved roads, mining 
activity sites, and other industrial places which generate large quantities of dust. 
The most common form of dust suppressant used is water (Gillies et al., 1997). 
Other materials used as chemical dust suppressants include salts, asphalt 
emulsion, vegetable oils, molasses, synthetic polymers, mulches, and lignin 
products. The eight main categories of dust suppressants are shown in Table 
2- 1.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2.1.1 Description
Water is an immediate, inexpensive short term solution to control dust. The 
period of effectiveness of water as a dust suppressant varies from half an hour to 
as long as twelve hours (Loreto, 2002). Seawater is more effective than fresh 
water as a suppressant, owing to the presence of salts.
Table 2-1: Types of dust suppressant that are most commonly used (from Loreto, 
2002)
Suppressant Type Products
Water Fresh and seawater
Salts and brines Calcium chloride, magnesium chloride
Petroleum-based organics Asphalt emulsion, cutback solvents, dust 
oils, modified asphalt emulsions
Non-petroleum based organics Vegetable oil. molasses, animal fats, 
ligninsulfonate, tall oil emulsions
Synthetic polymers Polyvinyl acetate, vinyl acrylic
Electrochemical products Enzymes, ionic products (e.g. 
ammonium chloride), sulfonated oils
Clay additives Bentonite, montmorillonite
Mulch and fiber mixtures Paper mulch with gypsum binder, wood 
fiber mulch mixed with brome seed
Salts and Brines (magnesium chloride and calcium chloride) are the most 
common types of dust suppressant used. Compared to water, salts are more 
effective in controlling dust, if sufficient moisture is available. It is critical to have 
humidity levels of 20 -  30%, when applying, for them to be most effective
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8(Bolander, 1999a).The period of effectiveness of salts, as a dust suppressant, is 
higfier than that of water. Magnesium chloride has been found to last for about 
12 weeks.
Organic non-petroleum products include ligninsulfonates, tall (pine) oil, 
vegetable derivatives, and molasses. They remain effective mainly during long 
and dry periods with low humidity; however, organic non-petroleum products 
break down if they are exposed to long term weathering.
Synthetic polymers are comprised of many different compounds that promote 
the binding of soil particles. They increase the strength of clays on roads and 
trails up to ten times (Bolander, 1999b). Synthetic polymers applied in wet 
climates tend to break down, if exposed to moisture for a long period (Loreto, 
2002).
Organic petroleum products are derived from used oils, solvents, cutback 
solvents, asphalt emulsions, dust oils, and tars. They are not water soluble or 
prone to evaporation, but since oil is not held tightly by most soils, it can be 
leached away by rain.
Electro chemical products are derived from sulfonated petroleum and highly 
ionic products and include sulfonated oils, enzymes, and ammonium chloride. 
They work by expelling adsorbed water from the soil, which decreases air voids 
and increases compaction (Foley et al., 1996). They are effective only when 
specific minerals are present, as they are dependent on the clay mineralogy.
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Clay additives are composed of silica oxide tetrahedral (SiO#) and alumina 
hydroxide octahedral (A I(0 H )6) (Scholen, 1995). They are most effective under 
dry conditions.
2.1.2 Effectiveness 
The effectiveness of dust suppressants depends on their ability to change the 
physical properties of soil surfaces. Each type of dust suppressant affects the soil 
surface in a different way. When some dust suppressants are applied, for 
example, they adhere to the surface particles, making them heavier and thus less 
likely to be blown off. Some dust suppressants, such as water and petroleum 
based products, form a crust by agglomerating the soil particles on the surface. 
Some products penetrate through the surface and others act as weak cement by 
binding the soil particles together. As mentioned in Section 2.1.1 some electro 
chemical stabilizers work by expelling adsorbed water from the soil.
The effectiveness of dust suppressants varies with types of use, site 
conditions and climates. Water, has been found to be between 40% and 85% 
effective in controlling dust, whereas salts have been found to have a higher 
percentage of effectiveness than water (Thompson, 1990; Travnik, 1991; Foley 
etal., 1996; Kestener, 1989a; Cowherd etal., 1989).
Ligninsulfonates are most effective in dry regions and in areas with high 
amounts of clay, as they are the most plastic, allowing reshaping and traffic 
compaction. Synthetic polymer emulsions increase the tensile strength of clays 
on typical roads and trails to up to ten times but break down when exposed to 
moisture or freezing (Bolander, 1999a). Petroleum products can remain over
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90% effective after a year, but can be leached away by rain, as they are not held 
tightly by most soils (Gilles et al., 1997).
2.1.3 Application
There are two main methods of application of dust suppressants. They can be 
applied topically or mixed onto the top layer of the soil. Topical application is with 
a spray bar on the back of the truck (see Figure 2-1) or through a large hose with 
a nozzle on the end (see Figure 2-2). This type of application is mainly used on 
large vacant lands. Hand directed hoses are used for application on smaller 
plots. Another type of application, which is not used too often, is when the dry 
products (flakes) are spread on the surface and the product is mixed into the soil 
(Piechota et al., 2003). The process of mixing the dust suppressant into the 
surface follows the following sequence of steps;
• Grading the surface to remove a windrow of earth
• Topical application of dust suppressants
•  Grading the earth windrow back onto the surface
•  A second topical application on top of the graded earth
Mixing the dust suppressant into the soil is more difficult, but it tends to last 
longer, since the product is exposed to more soil particles.
Dust suppressant vendors have computer software which is able to make 
recommendations to customers, based on traffic conditions, vehicle speed, and 
other site conditions. However, the amount of funding available for dust 
suppression is a major factor that impacts the application rate. For instance, a
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party with sufficient funds for dust suppression may choose to have a heavier 
application with the expectation that it will last longer (Piechota et al., 2003).
Figure 2-1 : Application of dust suppressant using a spray bar on the back of a 
truck.
Figure 2-2: Hand application of dust suppressant using a large hose with a 
nozzle on the end.
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2.1.4 Application Rates 
The application rates of dust suppressant depends on site-specific conditions 
(e.g., soil type, land use, weather during application, and weather after 
application) and as aforementioned, the amount of funding available. Typical 
liquid application rates vary from 0.3 to 1.0 gallons per sq yard. For liquid 
emulsions, dust suppressant concentrates are mixed with diluents (usually water) 
to give the correct mass application rate of solids for the desired application 
(Piechota et al., 2003). Multiple light applications are preferred over a single 
heavy application, as the light applications generally allow for better penetration 
into the surface soil and also reduce the fraction of dust suppressant that may 
runoff from the target area.
The performance of a dust suppressant is determined by the mass of applied 
solids per unit volume of treated soil. Mass of applied solids per unit volume of 
soil will be the product of the mass application rate and the penetration depth of 
solids into the soil. The mass application rate of a dust suppressant is computed 
as the liquid application rate times the mass concentration of bulk suppressant in 
applied liquids. Typical application rates and frequency of different types of dust 
suppressants are given in Table 2-2 (Loreto, 2002).
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Table 2-2: Typical application rates and frequencies of dust suppressants (from 
Loreto, 2002)
Suppressant Range of Application Rate
Calcium chloride 0.8-2.0 lbs/yd  ^ (dry salt) 
0.2 -0 .5  gal/yd  ^(solution)
Application
Frequency
Reference
Mg chloride 
Ligninsulfonate
Tall oil derivatives
Vegetable oils 
Oils
Arcadias (DO-1,2, 
3), 00-4, D0-6PA, 
DO-8, CSS-1 
Coherex
Organic Binders 
application rate 
Polybind Acrylic (co­
polymer resin 
emulsion)
Synthetic polymer 
derivatives
Clay additives 
Water
Bituminous and tars 
or resinous 
adhesives
0.3-0.5 gal/yd
0 .2 -  1.5 gal/yd (liquid) 
1.0-2.0 lbs/yd  ^(powder)
40-50% residual 
concentrate applied diluted 
1 ;4 w/water at 5.1 gal/yd  ^
Typically 0.24-0.5 gal/yd^
0.1-1.0 gal/yd^
0.2 -  0.5 gal/yd^
0.5-1.5 gal/yd^
Liquid; 0.5 gal/yd 
Dry powder: 1-2 Ib/yd^
40 gal/acre of a 1:20 water 
dilution.
40-50% residual 
concentrate applied diluted 
1:9 w/water at 0.50 
gal/yd .^
Typical application rate is 
1 -3% by dry weight.
0.5-4% water applied to 
conveyor belt systems.
0.1-1.0 gal/yd  ^depending 
on road surface condition 
and dilution.
1-2 times 
per year
1-2 times 
per year
1-2 times 
per year
every two 
years
1 time per 
year
1 time per 
year
Once every 
two years
Once every 
5 years 
As often as 
needed
1-2 times 
per year
Hoover, 1981; Bolander, 
1999a
RTAC, 1987; Heffner, 
1997
DeCastro etal., 1996 
Sanders and Addo, 1995 
Bolander, 1999a; RTAC, 
1987
Heffner, 1997 
DeCastro etal., 1996 
Sanders and Addo, 1995 
Langdon and Williamson, 
1983, Hoover, 1981; 
Bolander, 1999a 
RTAC, 1987,
Sanders and Addo, 1995 
Bolander, 1999a
Bolander, 1999a
Hoover, 1981; Bolander, 
1999a
RTAC, 1987
Langdon and Williamson, 
1983
Langdon and Williamson, 
1983
Hoover, 1981 
Hoover, 1981
Hoover, 1981 
Bolander, 1999a
Bolander, 1999a 
Goldbeck, 1997
Sanders and Addo, 1995
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2.2 Application Guidelines 
An increasing number of states in the United States are recommending the 
use of dust suppressants on disturbed lands but do not have any guidelines set 
for the application of these suppressants. The objective of setting guidelines is to 
facilitate the implementation of air quality fugitive dust controls in a manner that 
prevents human exposure to harmful constituents and protects soil and water 
resources while achieving air quality objectives (USEPA, 2001). Typically states 
will only allow the use of non-toxic soil stabilizers according to manufacturer’s 
specifications to all inactive construction areas (FRAQMD, 2003). Other states 
specify that haul roads should be paved or watered. The frequency of watering 
should be determined by weather conditions and the erodibility of the soil. If 
additives are used in the water to increase its dust suppression properties, the 
chemical should have no adverse environmental impact on adjacent water 
bodies (ERA Victoria, 1996).
The state of Nevada and Clark County are considering using dust 
suppressants extensively to meet air pollution requirements. In response, 
guidelines for the use of dust suppressants have been developed. Following is a 
summary of these guidelines.
2.2.1 General Use Guidelines (CCHD, 2001)
The Clark County Health District (CCHD) guidelines highly discourage the 
use of organic petroleum products, deliquescent/hygroscopic salts, and lignin- 
based suppressants within 20 yards of open bodies of water, including lakes.
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streams, canals, drinking water well-heads, natural washes and flood control 
channels, to prevent contaminated runoff from reaching the water bodies.
The CCHD guidelines further states that fiber mulch products should not be 
used as a dust suppressant in traffic areas, as they do not hold up well for traffic 
use. Use of deliquescent/hygroscopic salts should be limited to magnesium 
chloride and only used for short-term (less than one year) stabilization of 
unpaved roads. Treated unpaved roads must be periodically maintained with 
additional applications of water and magnesium chloride as needed, to maintain 
effectiveness.
Organic petroleum products, including modified and unmodified asphalt 
emulsions, should not be used on non-traffic areas. It may discolor the land 
surface and produce unpleasant odors. Use of deliquescent/hygroscopic salts is 
highly discouraged for non-traffic stabilization. These salts require frequent re­
watering to be effective in the Las Vegas Valley, are not effective for periods of 
more than one year, and tend to leach chlorides when precipitation occurs. Lignin 
based suppressants are not recommended for non-traffic stabilization. Surface 
binding action of lignin based suppressants may be reduced or completely 
destroyed when heavy rains occur. The decreased binding action of these 
products, following heavy rains, renders areas treated with lignin based 
suppressants vulnerable to wind erosion after rain occurs. Leachate from lignin 
based suppressants may also adversely impact the quality of storm water runoff.
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2.2.2 Other Guidelines (Piechota et al., 2003)
Other programs exist in the United States and in Canada which directly or 
indirectly aim to guide dust suppressant use. In the United States, there is the 
Environmental Protection Agency (EPA) Environmental Technology Verification 
(ETV) program, and three states programs in California (CalCert), Michigan, and 
Pennsylvania. In Canada, there is the Canada ETV national program. A complete 
review is included in Piechota et al., (2003).
2.3 Hydrologie Impacts 
Studies on the environmental effects of dust suppressants have increased in 
recent years; however, little information is available on the hydrologie impacts 
these compounds have on the surface they are applied on. Rainfall impacts 
many processes acting simultaneously on the soil. These processes include 
erosion, infiltration, and runoff, all which are dependent on the magnitude of the 
rainfall event, as well as on each process separately (e.g., erosion depends on 
runoff rate, which depends on infiltration rate). Since all of these processes are 
interconnected, they must be addressed together. The application of dust 
suppressants causes a change in the runoff coefficient of the ground, which in 
turn determines the change in the amount of runoff occurring from the surface 
and also in the amount of water infiltrating. The infiltration rate of the soil is 
related to the time of leaching of the dust suppressant and also on the rainfall 
rate (Decastro et al., 1996). Other hydrologie changes that occur are the time for 
initiation of runoff and the rate of runoff that occurs during a storm event.
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Following is a summary of the limited studies on the hydrologie impacts of 
surfaces treated with dust suppressants and a summary of runoff coefficient.
2.3.1 Evaporation, Infiltration, and Runoff Impacts 
When rainfall occurs on an area treated with dust suppressants, it can cause 
the suppressant to leach downwards into the ground due to the process of 
infiltration. Evaporation is the process by which water is changed from a liquid 
phase (in the soil) to vapor phase (McCuen, 1998). It is the process which begins 
following the rainfall event. In a study conducted by Salama et al. (1993) it was 
found that evaporation draws the water from the soil. It is influential in carrying a 
fraction of the additive back to the surface of the road. This fraction is the amount 
that is dissolved In the soil solution. This process causes a soil profile to be 
formed which may concentrate the additive at the surface of the road, until the 
next rainfall event.
In a study conducted by Decastro et al. (1996), three types of soil were 
analyzed. Firstly, when there were no additives in the soil. Secondly, when there 
was lignin applied to the soil, and thirdly when there were salts applied to the soil. 
Decastro et al. (1996) showed that the soils with no additives had the largest 
initial infiltration. This is expected since these specimens had the largest water 
deficit, (i.e., they start the process with the lowest initial water content). This low 
initial water content is due to the fact that they have no salt or initial crust to hold 
the moisture in. The absence of a crust also allows more water to permeate the 
soil surface. Surface runoff was the lowest with the untreated soils as a result of 
this.
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Soils treated with lignin products had the lowest infiltration rates. A 6 mm 
crust was formed on the sample surface blocking the infiltration and preventing 
the lignin from being leached away. The main effect lignin had on the soil was 
plugging the voids. The low infiltration of the lignin road sections is also due to 
lignin increasing water tightness of the soil. Surface runoff was the highest with 
the lignin samples (i.e., the inverse of the infiltration rates). The lignin treated soil 
showed the smoothest surface after runoff and erosion. The other samples 
showed more surface disturbance. Raindrop loosening had a considerable effect 
on the surface roughness.
The application of salts also reduced infiltration as compared to soils with no 
additives, but not as much as the lignin. This is due to the fact that the salt-soil 
combination started with the highest water content due to the salt's ability to draw 
water out of the atmosphere and to hold it in the soil. This high initial water 
content leaves less pore volume for the water to infiltrate. Depositional crust 
formation, during the rain storm, also decreases the infiltration through the storm. 
The salt samples produced more runoff compared to untreated soil but less 
runoff compared to the lignin applied soil.
In a study by Heffner (1997), it was seen that in the case of application of 
salts to paved roads, more runoff to the shoulder of the road and higher 
concentrations in drainage areas would be expected when compared to 
untreated areas.
Scwendeman (1981), found that calcium chloride and magnesium chloride 
can penetrate to a depth of several inches and then with time rise to the surface.
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via capillary action. The study also indicated that between 50 and 70% of the 
calcium chloride applied to the road surface is removed by rainfall. They are 
hygroscopic and deliquescent and reduce evaporation by increasing the surface 
tension of water between soil particles and by lowering the vapor pressure of the 
dust suppressant solution.
In a study by Addo and Sanders (1995), it was found that the application of 
magnesium chloride significantly reduces the rate of evaporation. Runoff was 
increased due to the creation of a hard road surface. The study also showed that 
the application of petroleum based dust suppressants creates a near impervious 
surface, which increases the quantity of runoff from these areas.
2.3.2 Runoff Coefficients for Different Land Uses 
The process, by which rainfall becomes runoff, is complicated, and with many 
variables. Theoretical models compute runoff amounts by subtracting losses 
associated with land characteristics from rainfall amounts. Two methods 
generally used for determining runoff are; the Rational Method and the Soil 
Conservation Service (SOS) Hydrologie Method (McCuen, 1998). Both methods 
have their advantages, disadvantages, and limitations and will produce good 
results if applied correctly.
Runoff coefficients are well documented for different land surfaces and are 
used for design purposes by engineers. They are computed as:
C = f  (1)
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where, C is the runoff coefficient, Q is the volumetric runoff and P is the 
volumetric rainfall applied to the plot.
Typical runoff coefficients for undeveloped desert areas are on the order of 
0.20 -  0.25 (CCRFCD, 1999). A list of the range of runoff coefficients for different 
land uses is provided in Table 2-3. Runoff coefficients typically vary according to 
the magnitude of the rainfall event (i.e., the higher the rainfall event, the higher 
the runoff coefficient). The values shown in Table 2-4 are typically used for return 
periods of 10 years or less suggested for Clark County, Nevada.
2.4 Rainfall Simulators 
The purpose of rainfall simulation is to create rainfall characteristics that are 
similar to those of a given region. Simulated rainfall is used in controlled small- 
scaled, non point source pollution experiments, to avoid the uncertainties 
associated with natural rainfall and for more rapid acquisition of results (Edwards 
et al., 1992). Rainfall simulators developed in the mid and southwestern United 
States produce high energy rainfall typical of the erosive convective storms 
common in that region. These storms have large diameter raindrops, produce 
considerable kinetic energy and generally occur at high intensity (Williams et al., 
1998).
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Table 2-3: Average range of runoff coefficient for various land uses for ail storms 
(GISD, 2001)
Description of Area Runoff Coefficients
Downtown Areas Commercial 0.70 -  0.95
Neighborhood Areas 0.50 -  0.70
Residential Single-Family 0.30 -  0.50
Multi-Family Attached 0.60 -  0.75
Multi-Family Detached 0.40 -  0.60
Suburban 0.25 -  0.40
% acre lots or greater 0.30 -  0.45
Apartments 0.50 -  0.70
Industrial: Light Areas 0.50 -  0.80
Heavy Areas 0.60 -  0.90
Parks, Cemeteries 0 .1 0 -0 .25
Playgrounds 0.20 -  0.40
Unimproved Areas 0 .1 0 -0 .30
Railroad Yard Areas 0.20 -  0.40
Streets: Asphalt 0.70 -  0.95
Concrete 0.80 -  0.95
Drives and Sidewalks 0.75 -  0.85
Roofs 0.75 -  0.95
Rainfall simulators that closely reproduce rainfall patterns and intensity are 
expensive and require large expenditures of manpower for setup and for 
operation (Foster et al., 1982). However, rainfall simulators, even though 
imperfect, are essential tools for investigating hydrologie stresses on arid and 
semiarid regions, where rainfall events are sporadic. Rainfall simulators can be 
used to collect data in a relatively short period, rather than the 10 to 20 years 
needed to collect sufficient information from natural events in these areas. Their 
use enables nearly immediate evaluation of carefully controlled plots (Swanson,
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1965). They also provide maximum control over plot conditions and rainfall 
characteristics. (Wilcox et al., 1986).
Table 2-4: Typical runoff coefficients (CCRFCD, Hydrologie Criteria and Drainage 
Design Manual, 1999)
Character of Surface Runoff Coefficient (10 yr) 
Grass Desert
Business and Commercial 
Neighborhood areas 0.70 0.75
Residential
% Acre 0.55 0.62
2 Acres 0.35 0.45
Industrial 0.72 0.76
Open Space(Lawns, Parks, Golf 
courses)
Undeveloped areas(natural 
vegetation)
Streets and Roads 
Paved 
Gravel
0.10
0.90
0.40
0.25
The difficulty in comparing artificial rain with natural rain is due to the complex 
conditions during natural rainfall events (Foster et al., 1982). The variations in the 
atmosphere and the climactic conditions prevalent when natural rainfall occurs 
make simulating natural rainfall a challenge. Among the factors, which are 
difficult to emulate with a simulator, but which affect the simulation are; wind, 
humidity, temperature, vegetative influence, soil surface and moisture, and 
frozen soil and snowmelt (Renard, 1979).
Although simulated rainfall cannot have all the characteristics of natural 
rainfall, there are some basic requirements for it to be used for research 
purposes. Requirements for a rainfall simulator to be a practical research tool for
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yielding meaningful results include capability of simulating a wide range of 
intensities, sufficient application area and uniformity of intensity (Foster et al., 
1982).
A number of rainfall simulators have been developed since the1930’s. One 
developed by Meyer and McCune (1957) was used for field studies. This 
machine, called a rainulator, embodied a number of desired characteristics, not 
previously combined in a single rainfall simulator such as the following:
•  near natural rainfall drop size and velocity
•  minimized wind distortion
• medium and high storm intensities
• the ability to reproduce a given storm
• satisfactory uniform plot coverage
• adaptability to standard sized runoff plots
•  portability
The rainulator proved to be a valuable research tool and many researchers 
have used it since. However, it is a complex machine, is comparatively 
expensive, and requires a skilled crew for operation. The labor and time required 
for onsite assembly and for moving between plots can be a serious problem 
where a number of plots are involved (Morin et al., 1967).
Another simple rainfall simulator developed by Cochrane et al. (1995), 
consisted of a rainfall simulator, a pump and two 150 liter barrels, filled with water 
which were placed in the back of the pick up truck. The simulator unit consisted 
of a spray nozzle, attached to a frame, which was supported by four legs. Water
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was then supplied through a garden hose from a pump to the spray nozzles to 
simulate rainfall.
As described above, rainfall simulators are of varying types and are being 
used extensively for research projects but they all have advantages and 
disadvantages, some of which are listed below.
2.4.1 Advantages of rainfall simulators (Renard, 1985)
•  Rainfall simulators are cost-efficient. Because of the degree of control 
that can be exercised over simulator operation, the cost per unit of 
data collected is quite low, compared to unit costs of long term 
experiments depending on natural rainfall.
• Rainfall simulators provide maximum control over when and where 
data are collected; plot conditions at test time, and, within design 
limitations, rates and amounts of rain to be applied.
2.4.2 Disadvantages of Rainfall Simulators (Renard, 1985)
•  Rainfall simulators are expensive to construct and use because of the 
cost of components and assembly, and the number of people required 
to operate them.
•  The areas treated are small, ranging from a fraction of a square meter, 
up to several hundred square meters.
•  Most simulators do not produce drop size distributions that are always 
representative of natural rainfall.
• Some simulators do not produce drops that approach the terminal 
velocity of corresponding size drops of natural rainfall.
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2.4.3 Types of rainfall simulators:
Rainfall simulators can be classified into categories based on their mobility, 
intensity of rainfall created, and the type of discharge unit used to create the 
rainfall.
2.4.3.1 Portable and non-portable rainfall simulators
Rainfall simulators used in research projects generally require them to be 
portable for quick field setup, to perform experiments, and then to be dismantled 
easily for either carrying it to other test plots or for storage purposes.
Development of a portable rainfall simulator for large field plots inevitably 
involves tradeoff between the capacity to reproduce characteristics of natural 
rainfall and the methods of rainfall simulation compatible with fast and easy setup 
and movement from one location to another (Foster et al., 1982).
2.4 3.2 Low energy and high energy rainfall simulators
Low energy rainfall simulators (low kinetic energy) have received little 
research and development attention, compared to high energy (high kinetic 
energy) simulators. The choice of nozzle distinguishes between high and low 
energy rainfall simulators.
Nozzles chosen for high energy rainfall produce large droplets at relatively 
low nozzle pressure (41 kPa) whereas nozzles chosen for low energy rainfall 
require a high nozzle pressure (100 kPa) to produce small droplets. The high 
pressure, although producing the required small drop size, also delivers rainfall in 
excess of the desired low intensity. (Williams et al., 1998).
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2.4.3.3 Drip and Nozzle simulators
Based on the type of discharge unit used, rainfall simulators can also be 
divided into drip simulators and nozzle simulators. Drip simulators use hanging 
yarn or hypodermic needles to produce drops of required size. The main 
advantage of drip simulators is in their ability to produce a combination of 
relatively large drops at a low rate of application. However, impact velocities, 
approaching those of natural rain, cannot be achieved unless excessive heights 
are used. (Morin et al., 1967)
Nozzle simulators produce a drop distribution that includes a large range of 
drop sizes. The nozzles used in the rainfall simulators are directed downward, 
and the pressure is regulated to give an impact velocity similar to the terminal 
velocity of raindrops. Increased pressure, while facilitating the attainment of 
higher impact velocities, reduces the size of drops. In order to obtain drops of 
suitable sizes while at the same time maintaining high velocities, high discharge 
nozzles are required, which result in very high application rates. These rates are 
reduced to the required application rates by means of intermittent application. A 
rainfall simulator, known as the rainulator, reduces the high intensity by moving a 
nozzle back and forth across a plot of suitable size.
Table 2-5 lists the advantages and limitations of the different types of rainfall 
simulators discussed above. It is noteworthy that the most common type of 
rainfall simulator used is the nozzle simulator due to its ability to simulate a wide 
range of drop sizes (Morin et al., 1967).
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The research presented here will be a portable rainfall simulator as it will be 
required to be moved to many test plots in the field. It will use a nozzle as its 
discharge head and the rainfall created will have low energy (small drop sizes) as 
to best simulate rainfall in the Las Vegas Valley.
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Table 2-5: Advantages and Limitations of the different types of rainfall simulators.
Types of Rainfall 
Simulator
Advantages Limitations
Portable • Fast and easy setup • Difficult to simulate
• Easy movement from rainfall over a large
one location to area
another
Non-Portable • Ability to simulate • Cannot be moved
characteristics of easily
natural rainfall • Require a lot of time
# Ability to simulate to set up and
rainfall over a large dismantle
area
Low Energy • Produce small drop • Inability to simulate
sizes low intensity rainfall
High Energy • Require low nozzle • Inability to produce
pressure small drop sizes
Drip # Ability to produce e Inability to achieve
relatively large drops impact velocities,
at a low rate of approaching those
application of natural
Nozzle * Ability to produce a # High discharge
large range of drop nozzles are
sizes required, which
result in very high
application rates
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CHAPTER 3
FIELD PROCEDURE
3.1 Site Description 
The ideal experimental site for this research was representative of soils in 
Clark County, had safe and secure access, had a water supply, needed minor 
grading requirements of the surface to simulate disturbed lands, and had native 
soil. The field experiments took place at the West Central Reservoir and Well 
Field site (7512 West Charleston Blvd - Figure 3-1), which is currently owned by 
the Las Vegas Valley Water District (LW W D). There is an above ground 
reservoir located in the southwest portion of the site and several pumping wells 
throughout the site (Figure 3-2).
The test plots for this study were located in the middle of the LW W D property 
(Figure 3-2). The existing condition of the land surface was typical of a desert 
type landscape with small scrub brush and various rock piles. The United States 
Department of Agricultural (USDA) Natural Resources Conservation Service 
(formerly the Soil Conservation Service -  USDA, 1985) has classified the general 
soil type for this site as “Cave-Las Vegas-Goodsprings-Destazo-Tencee. " (see 
Figure 3-3). More specifically, the type of soil is “cave gravelly fine sandy loam.”
29
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Figure 3-1 : General location of the experimental site for dust suppressant 
application and testing in Clark County, Nevada.
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The USDA has identified ten general soil types in the Las Vegas Valley. The 
classification names and the percentage of each type in the Las Vegas Valley is 
listed in Table 3-1. The spatial distribution of the soils in the Las Vegas Valley is 
shown in Figure 3-3. The soil at the study site (Cave-Las Vegas-Goodsprings- 
Destazo-Tencee) is representative of the soils for 35.6% of the Las Vegas Valley 
area based on general soil classifications (see Table 3-1).
- / { A #  . . .
1  ■ !  ' i - ' l
C IIA R I.L S IO X B L V D .
Figure 3-2: Overview of experimental site owned by the Las Vegas Valley Water 
District (LWW D).
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Table 3-1 : Types of soil and their percentage area in the Las Vegas Valley 
(USDA, 1985)
Soil Type Percentage Area
Cave-Las Vegas-Goodsprings-Destazo-T encee 35.6%
Rock Outcrop-St Thomas-Akela-Hobog 15.2%
Weiser-Dalian-Canutio-Casaga 15.1%
Caliza-Aztec-Bracken-Nickel 8.1%
Jean-Arizo 7.3%
McCarran-Badland-Grapevine 5.7%
Glencarb-Skyhaven 5.5%
Gravel Pits-Dumps-Slickens 2.7%
Land-Spring-Paradise 2.6%
Bluepoint-Knob Hill 2.3%
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Figure 3-4: Experimental site before grading.
3.2 Site Preparation
3.2.1 Site Grading 
This research seeks to investigate the use of dust suppressants on disturbed 
lands; therefore, the central portion of the property was graded, to create a 
surface similar to a construction site. This was accomplished with a grader blade 
(courtesy of Las Vegas Paving) that scraped the surface and removed all 
vegetation (Figure 3-5). This created a uniform surface with the same slope as 
the existing ground (approximately 3%).
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Figure 3-5: Experimental site after grading
3.2.2 Plot Preparation 
After grading the site, twelve plots (1 control and 11 for dust suppressants) 
were created with overall dimensions of 10 meters x 10 meters (33 ft x 33 ft) 
(See Figure 3-6). Each individual dust suppressant was applied to the entire 
surface of a specific plot. Subplots that are 2.4 meters x 2.4 meters (8 ft x 8 ft) 
were created inside the larger plot and rainfall simulation was performed 
separately on each plot shown in Figure 3-7. These smaller plots were created, 
to assist in the collection of surface water runoff.
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Figure 3-6: Individual plot location of applied dust suppressants (not to scale). 
Control Plot 6 was used for water quality tests whereas Control Plots 6A and 6B 
were used for hydrologie impact calculations.
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Figure 3-7: Typical layout for one dust suppressant plot with subplots used for 
rainfall simulation
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3.3 Site Characterization
3.3.1 Physical Properties of Soil 
Soil samples were taken from each plot and analyzed at the UNLV Soils 
Laboratory prior to dust suppressant application. Approximately 5 Kg of soil were 
taken from each plot and placed into plastic bags. Sub-samples (about 2 Kg) 
were sealed in plastic bags and transported to the laboratory for soil properties 
testing. The tests that were used to physically characterize the soil properties 
from each plot are summarized in Table 3-2, and a summary of the results is 
provided in Table 3-3. All soils are classified as “well-graded sand with gravel.” 
The soil properties for all the plots are uniform, with the exception of the specific 
gravity and density of Plot No. 7. All the plots have very low moisture content 
(less than 1%), and hydraulic conductivity values are comparable to those for 
silty sand soils (Fetter, 1994).
Table 3-2: Summary of standard tests used to physically characterize soils from 
each test plot.
Soil Parameter Test Method
Grain Size Analysis Mechanical Method (ASTM D2487)
Weight- Volume ASTM D4253-93, D4254-91, D4718-87,
Relationship D243-90
Permeability Falling Head Test (ASTM D2434)
Classification USDA Classification
Classification AASHTO Classification
Specific Gravity ASTM 0854-92
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Table 3-3; Summary of the physical soil properties for all the test plots
Plot No.
Hydraulic 
Conductivity Porosity 
(cm/s)
Density
(kg/m )^
Moisture 
content (%)
Specific
Gravity
1 2x10"* 0.19 1458 0.38 2.75
2 3x10"* 0.21 1424 0.62 2.39
3 4x10-^ 0.20 1450 0.67 2.64
4 3x10"* 0.21 1450 0.65 2.90
5 5x10"* 0.21 1514 0.53 2.73
6 1 X 10"* 0.16 945 0.53 3.36
7 1 X 10"* 0.19 887 0.75 2.52
8 3x10"* 0.18 1457 0.74 2.64
9 3x 10"* 0.18 1478 0.52 2.56
10 2x 10"* 0.16 1668 0.49 2.39
11 3x10"* 0.16 1752 0.38 2.75
12 2x10"* 0.14 1026 0.62 2.39
Control Plot 6A 4x10"* 0.20 1450 0.67 2.64
Control Plot 6B 3x10"* 0.18 1457 0.74 2.64
3.4 Application of Dust Suppressants 
The 11 different dust suppressants were applied to the test plots in the 
summer of 2001. The application of dust suppressants followed the 
manufacturer’s specifications and was performed by local dust suppressant 
applicators (Soil Solutions Co., Inc. and Stewart & Stewart Fine Grade, Inc). The 
dust suppressants were topically applied at the rates specified by the 
manufacturers. Some dust suppressants can be windrowed into the soils; 
however, this study focused on the more common topical application method of 
dust suppressants. Topical application also represents the worst-case scenario 
for chemicals entering the surface water runoff. Table 3-4 provides the 
application date, application rates, the mass application rates and dilution for 
each dust suppressant. The mass application rate for each dust suppressant was 
calculated by finding the product of the application rate, fraction of concentrate in
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the applied mixture, the specific density, and the density of water. The plot 
numbers in Table 3-4 correspond to those in Figure 3-6. The application rates 
vary, according to many factors, such as, type of product, degree of dust control 
required, traffic surface, and climatic considerations. All of the dust suppressants 
were applied on the surface with a spray hose that received the dust suppressant 
from a mixing reservoir. A sample of each product applied was collected in a 
polypropylene bottle during the field application. It was necessary to apply 
Coherex through spray jets behind a truck with a reservoir that maintains the 
suppressant at 82°C (180°F). Figure 3-8 and Figure 3-9 present two examples of 
dust suppressant application in the field.
Table 3-4: Dust suppressant application rates and plot locations.
Trade Name Type Dilution / Mix Application Rate *
Mass
Application
Rate
Plot#
Road Pro Petroleum-based No Dilution 0.25 gal/yd^ - 1
Road Oyi Organic Nonpetroleum 1:5 0.20 gal/yd^ 0.28 Ib/yd^ 2
Enviro-tac Acrylic Polymer - - - 3
Topein Ligninsulfonate 1:7 0.50 gal/yd^ 0.53 Ib/yd^ 4
Dustac Ligninsulfonate 0.25 lb/gal 0.75 gal/yd^ 1.97lb/yd^ 5
Soil Sement Acrylic Polymer 1:4 0.25 gal/yd^ 0.40 Ib/yd^ 7
Ek35 Synthetic Iso-alkane No Dilution 0.25 gal/yd^ 1.98lb/yd^ 8
Plas-Bond Fiber Mulch water 
500 lb gypsum 
300 lb mulch 
10-15 lb color
6000 lb/acre 
1 24lb/yd^ (Dry 
Product)
1.24lb/yd^ 9
Poly-Bond Acrylic Polymer 1:4 0.50 gal/yd^ 1.00 Ib/yd^ 10
Coherex Petroleum-based 1:4 0.35 gal/yd^ 0.60 Ib/yd^ 11
Dust Gard Magnesium Chloride No Dilution 0.5 gal/yd^ 5.59 Ib/yd^ 12
Application rates are for the diluted mixture
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Figure 3-8: The application of Enviro-Tac onto a test plot by Stewart & Stewart 
Fine Grade, Inc.
Figure 3-9: The application of Coherex to a test plot by Soil Solutions Co, Inc
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3.5 Rainfall Simulation 
A rainfall simulation system for the field experiments was constructed for 
several reasons. Firstly, Las Vegas receives sporadic rainfall events, and it would 
be problematic to collect runoff from these uncontrolled events. Secondly, the 
magnitude of these natural rainfall events may not be enough to generate 
sufficient runoff for water quality tests. Lastly, a rainfall simulation system 
permits a set of controlled experiments at a predefined rainfall rate. The following 
is a description of the rainfall simulation system.
3.5.1 Description of System
3.5.1.1 Configuration
A general layout of the rainfall simulator system is presented in Figure 3-10. 
The LW W D  tap water was treated using a Reverse-Osmosis (RO) system, 
stored in a 4,165 liters (1,100-gallon) plastic reservoir, and then pumped to the 
rainfall simulator towers. The use of RO treated water ensured that any 
chemicals coming from the runoff would either be from the soils or from the dust 
suppressants. The pump was needed to provide enough pressure at each tower 
to maintain desired flow. Each rainfall simulation tower is composed of three 
legs, made of aluminum poles that are 2.4 meters in height, and support a 
pressure gauge and nozzle. Gauges were incorporated into the rainfall simulator 
system, to verify the pressure in each nozzle. The rainfall rate depends on the 
nozzle type and pressure in the system. The nozzle is a % GG -  SS 10W (Full 
Jet) nozzle, from the Spraying System Company of Wheaton, IL. A schematic of
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one rainfall simulator tower is provided in Figure 3-11, and an actual setup of the 
rainfall towers is shown in Figure 3-12.
Hoses
Water Source 
(LWWD)
3/4 3/4PumpRO
System Plastic
Reservoir Rainfall 
Simulator 
T owers
Figure 3-10; Layout of the rainfall simulator system.
Nozzle
Pressure
Gauge
2.4m
3/4" Hose
Aluminum
Stands
F igure 3-11: Typical rainfall simulator tower.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
43
W M L
Figure 3-12; Actual layout of the rainfall simulation towers at a test plot.
3.5.1.2 Preliminary Testing of Rainfall Towers
Two variables that control the rainfall rate and distribution are the pressure at 
the nozzle and the spacing between the rainfall towers. To determine the 
appropriate pressure and tower spacing, experiments were performed over an 
area equal to the size of each test plot (2.4 meters x 2.4 meters). The spacing 
between the towers was varied, and the pressure at the nozzle was varied, using 
a flow valve. Experiments were performed using a tower spacing of 3 and 4 
meters with pressures varying from 89 to 152 kPa (13.0 to 22.0 psi).
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The actual rainfall depth during the rainfall simulation was determined with 
nine gages placed inside the plot and on the perimeter (Figure 3-13). A  measure 
of how uniform the rainfall is spatially distributed over the control area (plot) is the 
coefficient of uniformity (CD) (Zoldoske, 1998):
(:IJ = 1 (2)
M
(3)
n M '
M = (4)
n i= i
where, M is the mean of the applied rainfall over the plot (as measured by the 
gages), D is the average absolute deviation from M, Xj is the individual rainfall 
value within the plot, and n is the number of individual points sampled in the plot. 
CU varies from 0 to 1, where a high CD value represents a uniform distribution of 
rainfall over the plot. The CU was determined for each experiment, and 
experiments that had a CU value greater than 0.80 were considered adequate for 
the field simulations (Zoldoske, 1998).
Initially, the distance between the towers was 3 meters, and the pressures 
varied from 89 to 152 kPa. In Figure 3-14, rainfall intensity increases with 
increasing pressure. The maximum intensity in these experiments was 33.3 
mm/hr (1.31 in/hr) with a pressure of 152 kPa (22 psi) at the nozzle. The CU was 
also the highest at this point. Generally, the CU value increases, with increasing 
pressure and rainfall intensity. A  graphical representation of the CU value is 
provided in Figure 3-15 by plotting the spatial distribution of rainfall.
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Rainfall 
Simulation Area 
"(2.4m X 2.4m)
Rainfall
gages
Figure 3-13: Spatial distribution of the rainfall gages. The location of the rainfall 
gages were selected to provide a uniform distribution throughout the plot.
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Figure 3-14. Summary of relationship between pressure, intensity, and coefficient 
of uniformity (CU) at a tower spacing of 3 meters.
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Figure 3-15: Spatial distribution of rainfall over the plot area for a pressure of 131 
kPa (19 psi), and a 3 meter tower spacing (CU = 0.91).
The distance between the rainfall towers was increased to 4 meters, and the 
pressures varied from 89 to 152 kPa (13 to 22 psi). Figure 3-16 and Figure 3-17 
present the results of these experiments. Similar to the previous experiments at 
a 3-meter spacing, the experiments had an increasing CU value with increasing 
pressure and rainfall intensity. The rainfall intensities were lower for this set of 
experiments, since the tower spacing was increased. An intensity as low as 0.61 
in/hr was achieved with a pressure of 89 kPa (13 psi). The CU for all pressures 
and tower spacing was greater than 0.80. Figure 3-17 shows an example of the 
spatial distribution of rainfall for a pressure of 131 kPa (19 psi).
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Figure 3-16: Summary of relationship between pressure, intensity, and coefficient 
of uniformity (CU) at a tower spacing of 4 meters.
R a i n f a l l  ( i n c h e s )
0.80 0.75 0.80
0.85 0.70 0.750.70
0.85 R90
2
0.90
1.70-
0.80.0.75-
1.75-
0.950.85
I 0.80
>
0.85.0.85-0.801
0.900.80
0.90
0.75.
0.90.
0.85
1.85. 0.85-0.70 0.80.0.75
0.65
0.800.75•0.70-0
0 1 2X (meters)
Figure 3-17: Spatial distribution of rainfall over the plot area for a pressure of 131 
kPa (19 psi), and a 4 meter tower spacing (CU = 0.91).
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3.5. f .3 Se/ecAon of ra/n/a// evenf /or s/mo/aAon
The rainfall event, which was simulated over the test plots, was 
representative of natural rainfall occurring in the Las Vegas Valley, A rainfall 
intensity of 21 mm/hr (0.89 in/hr), which is between a 2 and 5 year -  1 hour storm 
at McCarran Airport as defined in the Clark County Hydrologie Design Manual 
(CCRFCD, 1999) (See Table 3-5) was simulated. This event represents a 
reasonable sized storm that will result in sufficient runoff for the water quality 
experiments
Table 3-5: McCarran Airport rainfall -  intensity (cm/hr) (from CCRFCD, 1999).
Length 
of Event 
(hours)
Recurrence Interval (yr)
2 5 10 25 50 100
0.08 4.57 8.23 10.67 14.02 16.46 19.20
0.17 3.81 6.71 8.69 11.28 13.56 15.54
0.25 3.35 5 79 7.52 9.86 11.68 13.41
0.5 2.24 3 96 5.13 6.65 7.87 9.09
1 1.32 2.26 2.92 3.81 4.52 5.23
2 0.76 1.30 1.65 2.16 2.57 2.92
3 0.53 0.91 1.17 1.55 1.83 2.11
6 0.30 0.51 0.66 0.86 1.02 1.17
24 0.13 0.18 0.20 0.25 0.28 0.30
3.5.2 Runoff Collection System 
The runoff generated from each test plot was collected in order to evaluate 
the runoff quantity and quality. The collection of the runoff was accomplished 
with a 3.81 cm (1% in.) PVC pipe that was cut to form a semi-circular channel. 
The pipe was placed on the downstream side of the plot, and it conveyed the 
runoff to a polypropylene bottle (Figure 3-18 and Figure 3-19). Berms were
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placed along the side of the plot to ensure that all runoff drained to the pipe. The 
rainfall simulation was performed on two of the sub plots of each dust 
suppressant plot shown in Figure 3-7 and the control plot. The initial 9.5 liters (2 
gallons) of runoff from these plots was collected and transported on ice to the 
UNLV Environmental Engineering Laboratory for chemical analysis.
rainfall simulation area 
. (2.4m X 2.4m)
berm
Surface
Runoff
collection
channel
collection channel
collection bottle
surface
runoff
Figure 3-18: Runoff collection system created for each subplot.
3.5.3 Sample Handling, Storage and Preservation 
During the rainfall simulations, composite runoff samples were collected in a 
clean 3.78 liter (1-gallon) cubitainer. In the field, 100 ml of sample was collected 
into acidified vola-vials for the analysis of volatile organic compounds. In 
addition, a sample was collected, in the field, and then placed into a sterile vial 
for conform analysis. The remaining composite sample was transported on ice to 
UNLV Environmental Engineering Laboratory, divided into aliquots, preserved
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and stored. The total runoff volume from the test plots for all the dust
suppressants were measured and recorded.
Figure 3-19; Runoff collection system in the field
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CHAPTER 4 
FIELD RESULTS
Rainfall simulation was performed on two of the subplots (2.4 meters x 2.4 
meters) within the larger plot of a particular dust suppressant, on the same day. 
This ensured uniformity in the simulated conditions. Experiments on two plots 
accounted for some of the variations in plot characteristics. A minimum runoff of
9.5 liters (2.5 gallons) was required to perform the desired water quality tests for 
volatile organics, semi volatile organics, pesticides, solids, turbidity and inorganic 
constituents. The basis of selecting these constituents was the combination of 
several state and federal regulations as there are no specific standards for runoff 
waters generated from dust suppressants (Loreto, 2002).
During the rainfall simulation experiments, the first 4.75 liters (1.25 gallons) of 
runoff emanating from each subplot was collected and mixed together, to obtain 
a combined sample of 9.5 liters (2.5 gallons) for the water quality analysis. The 
volume of the remaining runoff was measured, but was not used for water quality 
analysis. The total volume was measured for two reasons: (1) to study the 
hydrologie changes that occurred due to the application of different dust 
suppressants: and (2) to find an event mean concentration (EMC) value for the 
storm. EMC is defined as the pollutant load washed off by a storm event divided 
by the event runoff volume (Carr, 2003). Due to the length of time required for
51
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setup, water quality analysis and generation of RO water, simulations for each 
test plot were performed on separate days. For all the experiments, relevant data 
were recorded, including the date and time of experiments, meteorological 
conditions, volume and depth of rainfall, and volume and timing of runoff.
4.1 Meteorological Data 
Rainfall simulations were performed in October and November of 2001, 
generally in the mornings (See Table 4-1). The majority of experiments lasted for 
one hour except for those that did not generate sufficient runoff [9.5 liters (2.5 
gallons)] in one hour. The test plot 4 (Topein) required an experiment run time of 
approximately 1 hour and 15 minutes to generate the required runoff volume.
The experiment on Plot 9 (Plas-Bond) was run for two hours to, generate the 
required runoff volume.
The rainfall simulation experiments were performed in the mornings, to 
minimize the effect of evaporation, which increases as the day becomes warmer. 
The experiments were only performed on days when the wind speed was less 
than 10 km/hr. Wind speeds greater than 10 km/hr resulted in a non-uniform 
distribution (low CU value) of rainfall over the test plot. The rainfall simulation 
system was designed to counter small wind affects by adjusting the locations of 
the towers and the pressure at the nozzle. Temperature and relative humidity 
values were provided, to represent the weather conditions on the day of the 
experiment. Table 4-2 lists the starting meteorological conditions for each 
experiment.
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Dust
Suppressant
*Sub-Plot
No. Dates
Start
Time
End
Time Duration
Road Pro 1BID
11/21/2001
11/21/2001
12:00
10:25
13:00
11:25
1 hr. 
1 hr.
Road Oyl 2B2D
11/28/2001
11/28/2001
10:43
9:05
11:43
10:05
1 hr. 
1 hr.
Enviro-Tac 363C
11/17/2001
11/17/2001
10:00
8:13
11:00
9:13
1 hr. 
1 hr.
Topein 4A4C
11/19/2001
11/19/2001
9:38
7:41
10:55
8:56
**1 hr 17 min 
**1 hr 15 min
Dustac 5A5C
11/01/2001 
11/01/2001
7:40
9:40
8:40
10:40
1 hr. 
1 hr.
Soil Sement 7A7B
11/06/2001 
11/06/2001
7:33
9:15
8:33
10:15
1 hr. 
1 hr.
Ek35 8A8C
11/15/2001
11/15/2001
8:51
7:22
9:51
8:22
1 hr. 
1 hr.
Plas-Bond 9A9B
11/09/2001
11/11/2001
10:06
8:33
12:06
10:33
** 2 hrs 
** 2 hrs
Poly-Bond 10A10D
10/30/2001
10/30/2001
9:17
7:38
10:17
8:38
1 hr. 
1 hr.
Coherex l i e11D
12/01/2001
12/01/2001
10:50
9:08
11:50
10:08
1 hr. 
1 hr.
Dust Gard 12A12B
10/25/2001
10/23/2001
8:05
8:05
9:05
9:05
1 hr. 
1 hr.
Control Plot
6A 03/12/2002 9:58 10:58 1 hr.
6B 03/12/2002 11:50 12:50 1 hr.
* Sub-plot lettering refers to location of sub plot within the main plot. 
** Experiment was performed until 9.5 liters (2.5 gallons) of runoff was 
collected
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Table 4-2; Starting meteorological conditions during simulations
Product Plot No. OutsideTemperaturerC)
Wind Speed 
(Kms/hr)
Wind
Direction
Relative 
Humidity (%)
Road Pro IB 17 5
E -  SE 23
ID 16 6 E -S E 26
Road Oyl
2B 7 8 S 28
2D 5 5 S E -S 31
Envlro-Tac 3B3C
17
15
6
0
32
37
Topein 4A
15 2 SW 29
4C 11 5 SW 39
Dustac
5A 15 2 E -S E 46
5C 20 2 SW 38
Soil Sement 7A
17 0 55
7B 20 5 S -S E 49
Ek35
8A 15 3 SE 37
8C 13 0 43
Plas-Bond 9A 19
4 W -  SW 25
9B 17 2 N - NE 44
Poly-Bond 10A 21 3 N E -E 3010D 18 3 W 41
Coherex l i e 9
5 NE 54
11D 8 5 S E -E 57
Dust Gard
12A 14 3 W 21
12B 18 0 18
Control Plot
6A 16 3 E -S E 21
6B 19 0 19
4.2 Rainfall Data 
A summary of the rainfall data for each plot is provided in Table 4-3 and 
Figure 4-1. The rainfall volume and depth are based on an average of the nine 
point measurements made for each plot as described in Section 3.5.1.2. The 
rainfall distribution for each was fairly uniform as noted by CU values greater 
than 0.8 (see Table 4-3), which are considered adequate for field experiments. 
The high CU values achieved for the simulations demonstrate that the rainfall 
simulators were adequately designed to simulate defined rainfall events.
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Furthermore, the rates for all the plots were between rainfall rates that 
correspond to a 2 year 1-hr storm and a 5 year 1-hr storm (see Table 3-5) for the 
Las Vegas Valley, with the exception of the plot treated with Dust Gard.
Table 4-3: Calculated volume, depth and rate of rainfall simulated over each plot. 
The volume is calculated using the average data obtained from nine gages. The 
depth is calculated by dividing the volume of rainfall by the area of each plot.
Rainfall Rainfall Time Rainfall Coeff. of
Product Plot No. Volume (ml) Depth (cm) (hr) Rate
(cm/hr)
Uniformity
Road Pro 1B 76124 1.58 1.00 1.58 0.891D 78092 1.62 1.00 1.62 0.92
Road Oyl 28 91746 1.99 1.00 1.99 0.892D 93224 1.83 1.00 1.83 0.96
Enviro- Tac 3B3C
85271
98306
1.84
2.05
1.00
1.00
1.84
2.05
0.93
0.91
Topein 4A 110324 2.41 1.28 1.89 0.964C 105620 2.25 1.25 1.80 0.93
Dustac 5A 99331 1.91 1.00 1.91 0.945C 79921 1.75 1.00 1.75 0.95
Soil Sement 7A78
96045
72084
2.05
1.89
1.00
1.00
2.05
1.89
0.94
0.87
Ek35 8A 91379 1.70 1.00 1.70 0.888C 105341 2.09 1.00 2.09 0.96
Plas-Bond 9A98
160670
143275
3.76
3.78
2.00
2.00
1.88
1.89
0.97
0.96
Poly-Bond 10A10D
74451
84391
1.67
1.70
1.00
1.00
1.67
1.70
0.86
0.94
Coherex 11C 111547 1.84 1.00 1.84 0.8311D 88387 1.61 1.00 1.61 0.90
Dust Gard 12A 121665 2.14 1.00 2.14 0.9212B 131238 3.01 1.00 3.01 0.89
Control Plot 6A6B
77523
76622
1.79
1.72
1.00
1.00
1.79
1.72
0.95
0.95
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Figure 4-1 : Rainfall rates simulated over each plot applied with different dust 
suppressants. The two dashed lines represent the 2 and 5 year 1 - hr storm for 
the McCarran Airport area.
4.3 Runoff
4.3.1 Volume
The runoff emanating from the test plots was collected and the volume 
measured. The volumes obtained from the plots are shown in Table 4-4. Different 
runoff volumes were obtained from the different plots. This is due to a significant 
change caused by the applied dust suppressant on the surface characteristics of 
the land on which it is applied. The runoff volumes were used to calculate the 
runoff coefficients and the infiltration depth, which are discussed later in this 
section. The runoff volumes were also used in the calculation of EMC values for 
different constituents in the runoff. The EMC values calculated are given in 
Loreto, (2002) and Piechota et al., (2002).
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Table 4-4: Runoff coefficients of each test plot calculated by dividing the volume 
of rainfall simulated by the volume of runoff collected. The last column shows the 
% change in runoff coefficient compared to the control plot.
Product Plot No. Runoff
Volume
(ml)
Rainfall
Volume
(ml)
Runoff
Coefficient
[C]
Average
C
%
Change
Road Pro 1B1D
23200
23200
76123
78092
0.30
0.30
0.30 215
Road Oyl 2B2D
13050
12250
91746
93224
0.14
0.13
0.14 42
Enviro-Tac 3B3C
44000
48950
85270
98305
0.51
0.50
0.51 431
Topein 4A4C
11650
12350
110323
105620
0.11
0.12
0.12 21
Dustac 5A5C
26540
14950
99330
79921
0.27
0.19
0.23 142
Soil Sement 7A7B
23200
18700
96045
72083
0.24
0.26
0.25 163
Ek35 8A8C
30100
50900
91379
105340
0.33
0.48
0.41 326
Plas-Bond 9A9B
18250
12900
160670
143275
0.11
0.09
0.10 5
Poly-Bond 10A10D
2700
3000
74451
84390
0.04
0.04
0.04 -57
Coherex 11C11D
46200
30400
111546
88387
0.41
0.34
0.38 294
Dust Gard 12A 21267 252903 0.08 0.08 -15
Control Plot 6A
6B
6500
8550
77522
76622
0.08
0.11
0.10 ----
4.3.2 Runoff Coefficients 
The total volume of runoff generated from each plot was measured and then 
used for estimation of runoff coefficients. Using the rainfall and runoff volume, the 
runoff coefficient (C) was calculated for each plot as:
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where Q is the volumetric runoff and P is the volumetric rainfall applied to the 
plot.
Table 4-4 summarizes the runoff coefficients for all plots, including the control 
plot. There is a large variation in the runoff coefficient with the type of dust 
suppressant applied. This variation is due to the different characteristics of the 
suppressant applied. In addition, minor variations in the plot's physical properties 
could also have affected the runoff coefficients. The experiments were designed 
to have surfaces with similar properties; however, there may be some minor 
variations in the plot physical soil characteristics that could have impacted the 
runoff coefficients. Figure 4-2 summarizes the runoff coefficients of the plots 
treated with dust suppressant, compared to the control plot.
For all the plots, the runoff coefficient was equal or greater than the control 
plot, with the exception of the plots treated with Poly-Bond and Dust Gard. For 
instance, the petroleum based products (Road Pro and Coherex) tend to produce 
an impermeable surface and a higher runoff coefficient (0.30 and 0.38, an 
increase of 215% and 294%, respectively) as compared to the control plot, which 
had an average runoff coefficient of 0.10.
In the case of acrylic polymers, the runoff coefficients varied from 0.51 (431% 
increase) for Enviro-Tac (It creates a very hard impermeable surface that is 
difficult to penetrate), to 0.04 (-57%) for Poly-Bond. There is not a consistent 
response of runoff to surfaces treated with acrylic polymers, and the changes will
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depend on the makeup of the dust suppressant. The formulation of a dust 
suppressant, such as Poly-Bond, can reduce the amount of runoff. The organic 
non-petroleum based product (Road Oyl) and magnesium chloride (Dust Gard) 
showed smaller changes in the runoff coefficient (see Figure 4-2). The runoff 
coefficient for the plot treated with Dust Gard was reduced only by 15%, whereas 
the plot treated with Road Oyl was increased by 42%.
The fiber mulch product (Plas-Bond) had an overall runoff coefficient of 0.10 
for the 2 hour rainfall simulation; however, it is noteworthy that there was no 
runoff in the first hour of the experiment. Thus, the runoff coefficient for this plot is 
reduced considerably for a one hour rainfall, compared to the control plot. This is 
due to the large amount of paper material in the product that absorbs the rainfall 
water.
4.3.3 Comparison to other land uses 
Table 4-5 lists the runoff coefficient obtained after application of different dust 
suppressant and compares it with published runoff coefficients. It is noteworthy 
that the runoff coefficient from the control plot (0.10) is not consistent with 
published data that suggest the coefficient should be approximately 0.25 for 
natural desert areas (McCuen, 1998). The difference between these values could 
be due to the type of soil present in this study, the slope of the land surface, 
and/or the magnitude of rainfall event. For some of the plots treated with the dust 
suppressants, a surface was created that exhibits a runoff coefficient similar to 
residential areas. For instance. Road Oyl, Ek35, and Coherex all had runoff
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coefficients that are greater than 0.40. The runoff coefficient for residential areas 
is between 0.45 and 0.62 (McCuen, 1998).
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Figure 4-2: Summary of runoff coefficients for all plots and the % change as 
compared to the control plot.
4.3.4 Relationship between Runoff Coefficients and Soil Porosity 
Even though the soil characteristics (Table 3-3) are fairly uniform, an effort 
was made to establish a relationship between the runoff coefficients calculated 
(after treatment of dust suppressants) and the soil porosities (before treatment of 
dust suppressants) (see Table 3-3) of the various test plots. A scatter graph was 
drawn for this purpose (Figure 4-3).
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Table 4-5; Comparison between runoff coefficients obtained after application of 
different dust suppressants and published runoff coefficients for different types of 
desert land uses (McCuen, 2002, and Maidment, 1993)
Dust Runoff
Type of Land Use
Runoff Coefficient
Suppressant Coefficient (McCuen, (Maidment, 
1998) 1993)
Poly-Bond 0.04
Dust Gard 0.08
Plas-Bond 0.10
Control Plot O.YO
Topein 0.12
Road Oyl 0.14
Dustac 0.23
Soil Sement 0.25 Undeveloped
areas
0.25 0 .1 0 -0 .3 0
Road Pro 0.30
Coherex 0.38 Gravel Streets & 
Roads
0.40
Ek35 0.41 Residential 0 .4 5 -0 .6 2  0 .3 0 -0 .7 0
Enviro-Tac 0.51 Commercial 0.75 0 .5 0 -0 .8 0
No definite relationship can be seen in Figure 4-3 between the runoff coefficient 
after treatment of dust suppressants and the porosity before treatment for the 
test plots in this study. All the soils in this study have similar characteristics and 
the major factor impacting the runoff coefficient is the type of dust suppressant 
applied to the surface.
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Figure 4-3: Scatter graph between runoff coefficient after treatment of dust 
suppressants and porosity before treatment of dust suppressants. .
4.3.5 Runoff Timing 
The timing of runoff from the individual plots treated with dust suppressants 
was highly variable. Figure 4-4 compares the cumulative volume of runoff versus 
time for the different categories of dust suppressants, as well as the control plot. 
The runoff from the control plot was initiated approximately 40 minutes after the 
start of the rainfall simulation, and then continued at constant rate (Figure 4-4). 
The control plot runoff is used for comparative purposes in Figure 4-4. For the 
majority of the plots treated with dust suppressants, the runoff occurred earlier 
than the control plot. Furthermore, the runoff rate (as indicated by the slope of 
the line) is higher for the majority of dust suppressant treated plots, except for 
Poly-Bond, which has a lower runoff rate.
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Figure 4-4: Cumulative runoff volume (ml) versus time for (a) acrylic polymers, 
(b) petroleum products, (c) organic non-petroleum products, (d) ligninsulfonate 
products, and (e) fiber mulch products. The control plot has been plotted in each 
of the graphs.
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Most petroleum based products and acrylic polymers [see Figure 4-4(a and 
b)] create an impermeable surface, with high runoff volumes and runoff initiation 
approximately 30 minutes earlier than the control plot. Conversely, the fiber 
mulch (Plas-Bond) plot and one of the ligninsulfonate plots (Topein) had runoff 
that occurred much later than the control plot. Lower runoff volumes were 
obtained from these plots in the first hour.
4.4 Infiltration
Based on the soil properties and the amount of infiltration (P-Q), the 
infiltration depth for each plot was calculated. The depth of infiltration is 
calculated to estimate how far into the soil the dust suppressant might leach. It is 
important to note that the infiltration depths here are based on a single rainfall 
event. The potential of leachate reaching the groundwater table can only be 
determined by evaluating rainfall over extended time periods and with a sufficient 
vadose zone/groundwater transport model.
The infiltration depth is a function of the porosity of each plot, where the plots 
with a low porosity will have a high infiltration depth. The porosity for each plot is 
summarized in Table 3-3. Infiltration depth is calculated from the following (Mays,
2001X
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where, I is the infiltration depth, P  is the volumetric rainfall applied to the plot (see 
Table 4-3), Q is the volumetric runoff (see Table 4-3), A is the area of the plot, 
and n is the porosity of the plot. The infiltration depths are summarized in Table 
4-6.
The characteristics of the infiltration depth are opposite to runoff coefficients. 
For instance, Poly-Bond had a low run coefficient (0.04), but a high infiltration 
depth (approximately 10 cm). In comparison, the control plot had an infiltration 
depth of approximately 8 cm. For plots with high runoff coefficients, the infiltration 
depth was lower than the control plot (e.g.. Road Pro, Enviro-Tac, Dustac, Ek35).
The relationship between runoff coefficient and infiltration will also depend on 
the porosity of the soil. For instance, Road Oyl and Coherex have similar 
infiltration depths of approximately 7 cm, but the runoff coefficients are 0.14 and 
0.38, respectively. The difference in runoff coefficient is due to the change in the 
surface characteristics due to the application of the different dust suppressants. 
The infiltration depth for the Plas-Bond plot is not shown, since it is unclear how 
much water is absorbed by the paper product in the dust suppressant (fiber 
mulch).
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Table 4-6; Infiltration depths for each plot
Product Plot No.
Infiltration Depth 
(cm)
Road Pro IB1D
5.81
6.01
Road Oyl 282D
7.95
738
Enviro-Tac 3B3C
4.31
503
Topein 4A4C
10.32
948
Dustac 5A5C
6.78 
6 88
Soil Sement 7A7B
8.05
7.25
Ek35 8A8C
6.42
6.07
Plas-Bond 9A98
Poly-Bond 10A10D
9.99
10.20
Coherex 11C11D
7.10
6.95
Dust Gard 12A 16.87
Control Plot 6A6B
8.19
8.51
4.5 Uncertainties 
Measures were taken to reduce the uncertainties involved while preparing the 
test plots and while performing the rainfall simulations; however, it is not possible 
to completely eliminate uncertainties. Some of the possible uncertainties are 
listed below.
• There were uncertainties in the preparation and slight variations in the 
surface characteristic of the different test plots (depressions, pebbles).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
67
While preparing the plots, an effort was made to make the surfaces of 
all the test plots as uniform as possible.
• There were slight variations in the soil characteristics within a test plot 
and also among different test plots. Plots were selected after 
performing tests to determine the soil properties so that there was 
uniformity in the soil characteristics among all the test plots.
• There were uncertainties in the weather conditions during the 
performance of the experiments. Experiments were performed in the 
mornings (no evaporation), and only when wind speeds were less than 
10 km/hr. No experiments were performed on days when the 
temperature was below freezing (0 °C).
• There were uncertainties in the weathering of test plots after 
application of dust suppressants. The test plots were covered after the 
application of dust suppressants (after the dust suppressant applied 
had dried) so that there was very little weathering on them.
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CHAPTER 5
REAPPLICATION AND EXPERIMENTS
5.1 Reapplication 
Dust suppressants were reapplied to two plots six months after their initial 
application. Rainfall simulation experiments were then performed on these plots. 
This was done for three reasons: (1), to imitate an actual reapplication scenario 
on disturbed lands after six months to one year; (2) to study the hydrologie 
impacts due to reapplication; and (3) to study the time distribution of the 
contaminants that runoff from a plot during a storm. The first round of rainfall 
simulations did not provide a detailed time distribution of runoff concentrations. 
The focus was instead on the average concentration during the first part of the 
event.
The two plots on which dust suppressants were reapplied were Poly-Bond 
(magnesium chloride product) and Dust Gard (acrylic polymer product). Their 
selection was based on current availability and also the fact that these are two 
products commonly used in the Las Vegas Valley. Reapplication was done six 
months after initial application since this is a typical period that the dust 
suppressant maintains its integrity (Piechota et al., 2002).
68
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
69
The reapplication of the above dust suppressants followed the manufacturer’s 
specifications and was performed by a local dust suppressant applicator (Soil 
Solutions Co. Inc.). The dust suppressants were topically applied at the rates 
specified by the manufacturers (see Table 3-4). After reapplication, the plots 
were left for two weeks for the dust suppressants to dry and then rainfall 
simulation experiments were performed on them.
5.2 Rainfall Simulation 
The rainfall simulation system used in the earlier experiments (see Section 
3.5.1) was used to simulate rainfall over the plots on which the dust suppressants 
had been reapplied. As stated earlier. Las Vegas Valley receives sporadic 
rainfall, hence the need to simulate rainfall. The rainfall rate that was simulated 
(approx 21 mm/hr) was between a 2 and 5 yr -  1 hr storm for the Las Vegas 
Valley (see Table 3-5). Table 5-1 lists the rainfall data for the experiments that 
were performed on the two plots. The duration of each of the experiments was 
one hour. The rainfall rates simulated were comparable to the rainfall rates 
simulated in the earlier experiments. It is noteworthy that a high coefficient of 
uniformity (CD) was achieved for both the rainfall simulation experiments.
Table 5-1: Rainfall data simulated on the plots after reapplication of the dust 
suppressants.
PLOTS Plot No. Volume Depth Time Rate Coefficient of(ml) (cn^ (hr) (cm/hr) Uniformity (CU)
Poly Bond 10D 109157 2.34 1 2.34 0.94
Dust Gard 12C 88972 191 1 1.91 0.94
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5.3 Runoff Collection and Handling 
The runoff collection system used was the same as that used during the 
earlier experiments (see Section 3). Runoff from the plot was collected in one 
liter plastic bottles in order to evaluate the runoff quantity and quality during the 
rainfall simulation.The total volume of runoff generated from the plots was 
collected and measured but only select bottles were preserved for water quality 
tests. This was necessary since there was a large volume of runoff from the 
plots, and it was not feasible to collect all the samples for laboratory testing. The 
time interval between the samples that were preserved for water quality analysis 
was smallest in the beginning of the storm (e.g., every 4 minutes) and was 
gradually increased until the end of the storm.
Collecting more samples in the beginning of the storm permitted the 
determination of a “first flush” in the runoff. There is no one definition of first flush; 
however, definitions provided by Ma et al., (2002) are: (1) when at least 80% of 
the pollutant load is emitted in the first 30% of the runoff volume; (2) the initial 
period of storm flow during a storm event; and (3) when the slope of normalized 
cumulative mass emission plotted against normalized cumulative runoff volume 
is greater than 45% [this was also defined by Geiger, (1987)].
For the plot on which Poly-Bond had been reapplied, the total quantity of 
runoff was 60 liters. Out of this, the 2" ,^ 5*", 7'^ 10*, 17*, 24*, 41* and the 
60* liters were collected and then preserved for water quality analysis. For the 
plot on which Dust Gard was reapplied, the total quantity of runoff generated was
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22 liters. The first 10 liters and then the 17* and 22"  ^ liters were collected and 
preserved for water quality analysis.
While performing the rainfall simulations, the runoff samples were collected in 
1 liter bottles, appropriately labeled, and preserved in coolers filled with ice. Upon 
completion of the field experiments, the coolers were transported to UNLV’s 
Water Resources laboratory for performing water quality tests.
5.4 Runoff Water Quality tests
After reapplication of the dust suppressants, the runoff generated was 
analyzed for some of the constituents analyzed for in the first round of 
experiments [for first round results see Piechota et al., (2002) and Loreto,
(2002)]. The time distribution runoff of the constituents had not been analyzed in 
the first round of rainfall simulations. In this round of experiments the focus was 
on certain constituents that provide an overview of water quality impacts while 
obtaining a detailed time distribution of runoff. The constituents analyzed are 
listed below:
a) pH
b) Ortho-P
c) N O 3 -N
d) Sulfate and
e) Total Suspended Solids (TSS)
TSS was measured, using Standard Method 2540 as given in the Standard 
Methods for Examination of Water and Wastewater, 20* Edition (APHA, 1998),
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Ortho-P, N O 3 -N , and sulfate were measured using the Hach kits and the Hach 
procedures listed in the Hach DR/890 Data Logging Colorimeter Handbook. The 
pH was measured using a Corning 450 pH/ion meter.
5.5 Hydrologie Results 
The hydrologie impacts, due to the reapplication of the two dust 
suppressants, are shown in Table 5-2. In the first round of experiments, both of 
these products caused a slight decrease in the runoff coefficient as compared to 
the control plot. After reapplication of the dust suppressant, there was a large 
impact in the runoff characteristic. Poly-Bond increased the runoff coefficient by 
478%, and Dust Gard increased it by 163% compared to the control plot. The 
runoff volumes also increased by a large amount for both Dust Gard and Poly- 
Bond. A comparison of the change in runoff coefficients as compared to the initial 
values is shown in Table 5-3 and Figure 5-1. There was a large % change 
(1275%) in the runoff coefficient after reapplication of Poly-Bond compared to its 
initial application. This large increase in the runoff coefficient can be attributed 
partly to the change in rainfall rate simulated over the plot. In the first round of 
experiments a rainfall rate of 17.0 mm/hr was simulated compared to a rainfall 
rate of 23.4 mm/hr simulated in the second round. Dust Gard also showed a 
525% increase in the runoff coefficient as compared to its initial application but in 
this case the rainfall rates simulated in the first and the second round of 
experiments was approximately the same suggesting that the increase in runoff 
coefficients was not dependent on the rainfall rate simulated.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
73
On comparing the rate of runoff and the time to initiation of runoff in Figure 
5-2, the initiation of runoff occurred much earlier (t » 3 min.) than in the first 
experiment for Poly-Bond (t « 48 min.). The rate of runoff (slope of line) was also 
higher. No comparisons can be made for Dust Gard, as data on the initiation of 
runoff and the rate of runoff are not available for the first round of experiments.
These large changes in the hydrologie characteristics of the ground, due to 
reapplication, can be attributed to the fact that these dust suppressants, on being 
reapplied, formed a highly impervious surface layer due to the accumulation of 
dust suppressant on the surface. This also suggests that the dust suppressants 
have not seriously degraded with time.
Table 5-2: Runoff Coefficients of the plots when the dust suppressants were 
reapplied. The % change from the control points are also shown.
Plots Plot No. Flow (ml) Rainfall(ml)
Runoff
coefficient Average
% change from 
control plot
Poly Bond 10D 60000 109157 0.55 0.550 479
Dust Gard 12C 2 2 0 0 0 88972 0.25 0.250 163
Control Plot 6 A 6500 77523 0.08 0.095 0
6 B 8550 76622 0 . 1 1
Table 5-3: Comparison of runoff coefficients of the plots between the first 
application and the second application of the dust suppressants.
Plots Plot No.
Rate of Rainfall (mm/hr) Runoff Coefficient
1*Appl. 2"‘'Appl. 1*Appl. 2"‘^ Appl. ■ %change
Poly Bond 10D 17.1 23.4 0.04 0.55 1275
Dust Gard 12C 21.4 19.1 0.08 0.25 525
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Figure 5-1; Comparison between runoff coefficients of the control plot, application 
of dust suppressants and reapplication of dust suppressants. The % change in 
the runoff coefficients from the control plot is also plotted.
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(a) Runoff vs Time for Poly Bond (b) Runoff vs Time for Dust Gard
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Figure 5-2: Cumulative runoff volume vs time for (a) Poly-Bond [(Poly-Bond(l) 
indicates the cumulative volume for the initial application and Poly-Bond(2) for 
the reapplication], and (b) Dust Gard.
5.6 Water Quality Results
5.6.1 Dust Gard
A total of 12 samples were collected for Dust Gard (magnesium chloride 
based) during the rainfall simulation. The pollutograph (concentration vs time) 
and the loadograph (cumulative load vs time) for each constituent are shown in 
Figure 5-3 along with the storm hydrograph. The highest concentration of sulfate 
and TSS was in the initial part of the storm. The concentration generally 
decreased as the storm continued. This suggests that there may be an 
occurrence of first flush for these constituents. The determination of a first flush 
occurrence is by evaluating the loads (concentration times runoff volume). The 
graphs for Ortho-P and N O 3 -N  did not show a well-defined first flush. Figure 
5-3(e) shows that the pH increased gradually during the course of the storm.
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Figure 5-3; Reapplication of Dust Gard: Hydrograph, Pollutograph and 
Loadograph for (a)P04 '^ , (b)N03-N, (c) SO#^, (d)TSS and (e)pH.
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Figure 5-4; Normalized volume vs normalized load for Dust Gard for all the 
constituents. The MFF20, MFF40 and MMFeo values for TSS are also plotted.
To determine a first flush, which generally corresponds to the definitions of 
first flush described earlier, the cumulative load and cumulative runoff volumes 
were normalized. This was done by dividing the cumulative loads at different time 
intervals by the total load, and the cumulative runoff volume at different time 
intervals by the total volume. The normalized load was plotted against the 
normalized runoff volume in Figure 6-4. Geiger’s (1987) definition of first flush 
requires the slope of the mass emission line (normal volume vs. normal load) to 
exceed the diagonal (45°), which occurs in Figure 6-4 for each of the constituents 
except Ortho-P. This leads to the conclusion that there was a first flush for each
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of the constituents except Ortho-P. Plotting normalized load against the 
normalized volume can also be used to define a range of first flush magnitudes. 
For this the normalized mass fraction is divided by the normalized volume and is 
defined as a Mass First Flush (MFF) ratio (Ma et al., 2002). This is the fraction at 
any given point along the normalized runoff diagram. It is calculated by the 
equation:
Normalized Load
M r r  = ----------------------------------------------------------------- (o)
Normalized Volume
For example the TSS in Figure 6-4 shows a MFFao of 1.50, a MFF40 of 1.36 
and a MFFqo of 1.67, for runoff at 20%, 40% and 60% of the cumulative runoff 
volume, respectively. A MFF20 value of 1.5 means that 30% (1.5 x 20) of the load 
occurs in the first 20% of the runoff volume. Similarly, a MFF40 value of 1.36 
means that 54% (1.36 x 40) of the load occurs in the first 40% of the runoff 
volume.
5.6.2 Poiy-Bond
There was a large quantity (60 liters) of runoff that occurred from the plot on 
which Poly-Bond had been reapplied. A total of nine 1 - liter samples were 
preserved for water quality analysis at different time intervals. The results of this 
analysis are plotted in Figure 5-6. The pollutograph for each of the constituents 
indicates the concentrations to be highest at the beginning of the storm and then 
decrease gradually towards the end. The pH showed a similar trend as that
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shown in the plot treated with Dust Gard - a gradual increase in the pH value.
The initial high concentration of the constituents indicated the possibility of an 
occurrence of first flush. On plotting the normalized loads against the normalized 
volume (Figure 5-6), it was observed that there was an occurrence of first flush 
for all the constituents present in the runoff as the slopes of all the curves are 
greater than 45% (or having a slope greater than 1). It is interesting to note that 
100% of the sulfate loads were removed in approximately the first 40% of the 
total runoff.
Calculating the MFF values for TSS in Figure 5-6 shows a MFF20 of 1.75, an 
MFF40 of 1.48, and a MFFeo of 1.37 for runoff at 20%, 40% and 60% of the 
cumulative runoff volume, respectively. This means that for an MMF20 of 1.75, 
35% (1.75 X 20) of the load occurs in the first 20% of the runoff volume. Similarly 
a MFF40 value of 1.48 means that 59% (1.48 x 40) of the load occurs in the first 
40% of the runoff volume.
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Figure 5-6: Normalized volume vs normalized load for Poly-Bond for all the 
constituents. The MFF20, MFF40 and MMFeo values for TSS are also plotted.
5.7 Observations 
The results obtained in this section indicate that the reapplication of dust 
suppressants considerably changes the hydrologie properties of the surface. 
There is a large change in the runoff coefficient as compared to the control plot 
and when the dust suppressant was reapplied. The water quality test analysis 
indicates that a large quantity of the constituents of the dust suppressants leach 
out during the early part of the storm. If measures are taken to treat the runoff 
emanating in the initial stages of the storm, then it will be possible to process a 
large percentage of pollutants without treating all the runoff that comes from dust 
suppressant applied areas. Table 5-4 shows the MFF values of 20%, 40% and
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60% of the storm event for TSS for Dust Gard and Poly-Bond. For Dust Gard, an 
MFFeo value of 1.17 means that 70% (1.17 x 60) of the load occurs in the first 
60% of the runoff volume. Similarly, Poly-Bond has an MFFeo value of 1.37 which 
means that 82% (1.37 x 60) of the load runs off in the first 60% of the runoff 
volume. Knowing the MFF values will help in implementing BMPs that favor first 
flush phenomena, such as an infiltration basin, which collects the initial runoff 
and then bypasses the remainder of the flow.
Table 5-4: MFF values for TSS for different fractions of runoff volume for Dust 
Gard and Poly-Bond
Mass First Flush (MFF)
Dust Gard Poly-Bond
MMF20 1.50 1.75
MMF40 1.37 1.48
MMFeo 1.17 1.37
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CHAPTER 6
EXTRAPOLATION OF RESULTS TO THE LAS VEGAS VALLEY 
There is a large potential for using dust suppressants in the Las Vegas 
Valley, to minimize the PM-10 emissions from lands that are disturbed from 
construction activities, unpaved roads, and eroded land. Furthermore, all of the 
Las Vegas Valley drains to Lake Mead, which is a drinking water source for many 
communities in the southwest. The application of dust suppressants on disturbed 
lands will suppress the amount of dust, but if rainfall occurs and washes the dust 
suppressant into storm channels, it could potentially contribute contaminated 
runoff to Lake Mead. In this section, the hydrologie results from Section 4 and 5 
and the water quality results from Loreto, 2002 and Piechota et al., (2002) are 
used to illustrate the potential impacts that the use of dust suppressants may 
have on the Las Vegas Valley watershed non point source runoff. The loads 
obtained from the test plots were extrapolated to areas of the Las Vegas Valley 
that could potentially be treated with dust suppressants (i.e., disturbed lands).
6.1 Procedure 
The amount of disturbed land in Las Vegas is increasing due to new 
construction. According to James (2000), there was approximately 600 km  ^
(151,189 acres) of vacant land within the BLM land disposal boundary in the Las
83
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Vegas Valley in the year 2000. Of this 600 km ,^ approximately 10-20% of the 
vacant lands are disturbed. Thus, the worst case scenario presented in this 
section is that approximately 120 km  ^(20% of 600 km )^ of disturbed land exists 
in the Las Vegas Valley and could potentially be treated with dust suppressants.
As mentioned in the previous sections, the application of dust suppressants 
impacts the hydrologie characteristics of the surface as well as the runoff quality. 
These effects are mainly due to the dust suppressants creating a different soil 
surface where they are applied. Also dust suppressants alter the chemistry of the 
soil surface. The impacts due to their application may be to: a) the quantity of 
runoff; and b) the concentration of various elements in the runoff.
To properly assess the impacts, it is necessary to calculate the load from a 
surface. The load extrapolated for a disturbed area for a particular storm event is 
calculated using:
L = D x A x R x C x 1 0  (7)
where, L is the load (kg), D is the depth of rainfall (cm), A is the area of the land 
for which the load is being estimated (km^), R is the runoff coefficient of the land 
under consideration, and C is the concentration of a particular constituent (mg/l). 
The product of the above values is multiplied by a factor 10 to take into account 
unit conversions.
The change in load (AL) due to the application of a dust suppressant for a 
particular area can be calculated using:
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AL -  Li — Le (8)
where, L, is the load from the area treated with a dust suppressant and Lc is the 
load from the area due to natural soils (control).
The change in load due to the dust suppressant application was calculated for 
six constituents (including change in runoff volume) and four different scenarios. 
These constituents were selected as broad measures of water quality data. The 
different scenarios for dust suppressant application in the Las Vegas Valley are:
• 100% of the disturbed land treated with dust suppressant
• 75% of the disturbed land treated with dust suppressant
• 50% of the disturbed land treated with dust suppressant
• 25% of the disturbed land treated with dust suppressant
6.1.1 Runoff Water Quality and Hydrologie Data 
The water quality analysis of runoff from the plots resulted in different EMC 
values for different dust suppressants (Piechota et al., 2002). Table 6-2 lists the 
different EMC values of 5 constituents (for which the loadings were calculated) 
for each dust suppressant, and the control plot. The EMC values used was 
obtained by interpolating the results obtained in Chapter 5 using the following 
steps:
• The EMC value for the entire runoff in the second round of 
experiments was calculated (see Table 6-1).
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• The EMC value for the first 10 liters of runoff in the second round of 
experiments was calculated (see Table 6-1).
• The ratio (adjustment factor) of the EMC value of the first 10 liters and 
the EMC value for the entire runoff was calculated.
• A general relationship between the EMC value of the first 10 liters and 
the entire runoff was established after discarding data that did not 
conform (ortho-P for Dust Gard and sulfate for Poly-Bond).
• The EMC value obtained from the first round of experiments (from 
Piechota et al., (2002) and Loreto, (2002)) was then multiplied by the 
adjustment factor to obtain an EMC value for the entire runoff of the 
first round of experiments (see Table 6-2).
Table 6-3 lists the runoff coefficient for each dust suppressant after they were 
applied on disturbed lands (see Chapter 4). The EMC values obtained and the 
runoff coefficient values from Chapter 4 were then used to calculate the loadings 
for the entire Las Vegas Valley. Figure 6-1 is an example of disturbed land in the 
Las Vegas Valley where dust suppressants may be applied.
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Table 6-1 ; EMC values calculated for the first 10 liters and the entire storm for 
the second round of experiments for Dust Gard and Poly-Bond. An average 
factor has been calculated to derive a relationship between the two EMC values.
Dust
Suppressant
Constituent EMC 
( 1 0  liters) 
(mg/l)
Entire
Storm
EMC
(mg/l)
Adjustment
Factor
Average
Adjustment
Factor
Ortho-P 0 . 2 1 0.25 1.19*
Dust Gard NO3 -NSulfate
2 90
55.00
1.70
35.00
0.59
0.64
TSS 4.86 3.82 0.79
0 . 6 6
Ortho-P 0 . 2 2 0.15 0 . 6 8
Poly-Bond NO3 -NSulfate
2 63
1.15
1.90
1.69
0 72
1.47*
TSS 3 72 2 . 0 2 0.54
"ignored in computed average
Table 6-2: Adjusted EMC values used for calculating the loading from dust 
suppressant applied disturbed lands [from Loreto, (2002) and Piechota et al., 
(2002)]
Dust EMCTmgM)
Suppressant NO3 -N s o / P O / TSS Cl
Road Pro 3.37 1.32 0.005 1465.20 2.60
Road Oyl 0 . 0 0 1.98 0 . 0 0 2 862.95 2.06
Enviro Tac 2.05 34.32 0 . 0 0 1 884.40 11.17
Topein 2 . 2 1 5.94 0 . 0 0 1 1534.50 26.22
Dustac 2.97 23.76 0.005 1059.30 6.27
Soil Sement 2.24 1 1 . 8 8 0 . 0 1 2 924.00 13.28
Ek35 0 . 6 6 7.26 0 . 0 0 1 1871.10 22.70
Plas Bond 0.69 25.08 0.004 869.55 4.32
Polybond 1.19 16.17 0.005 2572.35 5.30
Coherex 0.03 88.44 0  0 0 2 1150.05 4.40
Dust Guard 0 50 34.65 0.006 6387.15 28.24
Control Plot 1.06 5.94 0.019 3799.95 2.46
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Table 6-3: Runoff Coefficient values for the different land uses after application of 
different dust suppressants.
Dust Suppressant Runoff
Coefficient
Road Pro 0.30
Road Oyl 0.14
Enviro Tac 0.51
Topein 0.12
Dustac 0.23
Soil Sement 0.25
Ek35 0.41
Plas Bond 0.10
Polybond 0.04
Coherex 0.38
Dust Guard 0.08
Control Plot 0.10
i
Figure 6-1 : Site on the ground which shows disturbed land.
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6 .12  ,4ssumpf/ons
The analysis presented in this section is based on the following assumptions:
• There are approximately 120 km  ^of disturbed vacant land in the Las 
Vegas Valley
• The dilution rates for the dust suppressants when applied in the Las 
Vegas Valley are the same as that used in this study
• The loads are for a single rainfall event having an intensity of 21 mm/hr 
that occurs uniformly over the disturbed vacant land areas
• The concentrations of contaminants in the runoff from the areas 
treated with dust suppressants are the same as the concentrations of 
the contaminants from the test plots in the study by Loreto, (2002) and 
Piechota et al., (2002) and Section 5.
• The runoff coefficients from the areas treated with dust suppressants 
are the same as the runoff coefficients from the tests plots in this study
• Only one type of dust suppressant is used on the disturbed vacant 
lands for each scenario
• There is no downstream dilution or change in constituent 
concentrations in the runoff in the downstream conveyance channels
• The areas in the Las Vegas Valley, for which land use data were not 
available, were ignored
• The dust suppressant is applied once for a land surface and the 
calculations do not reflect any long term accumulation on the surface 
due to reapplication
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6.2 Results
Six parameters were evaluated for the change in loads due to dust 
suppressant application (runoff volume, nitrate, phosphate, sulfate, TSS, and 
chloride). A similar rainfall event used in the field experiments (21 mm/hr or 0.89 
in/hr) was used to estimate the load due to a single rainfall event. Figure 6-2 
through Figure 6-4 presents the change in load due to the application of dust 
suppressants for the six parameters under the four different scenarios. Some of 
the results obtained are given below:
• Nitrate loads decreased, due to the application of organic non­
petroleum (Road Oyl), fiber mulch (Plas-Bond) and magnesium 
chloride (Dust Gard) products. Acrylic polymers (Enviro-tac and Soil 
Sement) and ligninsulfonates (Dustac and Topein) caused an increase 
in the nitrate loading.
• All categories of dust suppressants reduced phosphate loads. There 
was an exception for one type of acrylic polymer (Soil Sement) that 
caused a slight increase in loads.
• TSS loads were decreased due to the application of most categories of 
dust suppressants except petroleum based products (Road Pro and 
Coherex) and magnesium chloride (Dust Gard) based products. The 
impacts from acrylic polymers were mixed. Two products (Ek35 and 
Enviro-tac) caused an increase, whereas the other two (Soil Sement 
and Poly-Bond) caused a decrease in the loadings.
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• Chloride loads were increased due to the application of all categories 
of dust suppressants except for Poly-Bond which is an acrylic polymer 
based dust suppressant.
• Most of the dust suppressants (seven out of eleven) caused an 
increase in the sulfated loadings. It may be noted that in the category 
of petroleum based products, the product Coherex caused a 
substantial increase in the loadings.
• There is increased volume of runoff for all the dust suppressants 
except magnesium chloride products (Dust Gard) and one acrylic 
polymer based product (Poly-Bond).
It is noteworthy that in some cases, the load was decreased even though the 
concentration of the runoff was higher than the control plot. This is due to the 
dust suppressant plot having a lower runoff coefficient which would create less 
runoff volume and less load.
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Figure 6-2: Change in (a) nitrate loads and (b) phosphate loads. The different 
shadings represent the change in loads due to the application of dust 
suppressants on 25%, 50%, 75%, or 100% of disturbed vacant lands
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CHAPTER 7
CONCLUSIONS AND RECOMMENDATIONS
7.1 Hydrologie Impacts 
The study presented here provides information on the changes in hydrologie 
properties, due to the application of dust suppressant on disturbed land surfaces. 
Noteworthy observations of hydrologie changes are the following:
• Out of the dust suppressants that increased the runoff volume, the 
petroleum based dust suppressants created runoff volumes that were 
higher than the control plot (by at least 200%) and an earlier timing of 
the initial runoff
• The impact from plots treated with acrylic polymers was mixed. The 
runoff volume was increased for three of the four products, and a 
surface was created with a similar runoff coefficient similar to that of a 
residential development (e.g., runoff coefficient of 0.40-0.50). All of the 
acrylic polymers had an earlier time to initial runoff (10 to 30 minutes 
earlier)
• Plots treated with ligninsulfonate increased the runoff coefficient by 21 
to 142%, and had a time to initial runoff of 5 to 25 minutes earlier than 
the control plot runoff. These hydrologie impacts are small, compared 
to petroleum based and acrylic polymer dust suppressants
95
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• The impact from plots treated with the organic non-petroleum based 
product, Road Oyl, was a slight increase in runoff coefficient (42%) and 
an earlier time to initial runoff (15 minutes earlier). The impacts from 
this product are relatively small, compared to petroleum based and 
acrylic polymers
• The application of fiber mulch to the plots had a large impact on the 
hydrologie characteristics of the soil surface. All of the rainfall in the 
first hour of the simulation was absorbed by the fiber mulch. Surfaces 
treated with fiber mulch will receive lower runoff volume during the 
initial part of the storm; however, runoff rates will increase (still below 
the control plot) as the product becomes saturated
7.2 Distribution of Constituents in Runoff after Reapplication 
The water quality and hydrologie impacts that were observed after the 
reapplication of Dust Gard (magnesium chloride product) and Poly-Bond (acrylic 
polymer product) are summarized below
• The runoff volumes increased by a large amount for both Dust Gard 
and Poly-Bond as compared to the first application
• Poly-Bond caused a greater percentage increase in runoff coefficient 
than Dust Gard as compared to their initial application. The initiation of 
runoff for Poly-Bond occurred earlier and with a greater rate of runoff 
than in the first experiment.
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• The pollutograph (concentration vs time) for each of the constituents 
for Poly-Bond Indicates the concentrations to be highest at the 
beginning of the storm. The pollutograph for Dust Gard indicates the 
same characteristics for sulfate and TSS but not so for Ortho-P and 
NO3-N
• The pH for both the plots showed a similar trend. It increased gradually 
during the rainfall simulation
• A first flush effect occurred for all the constituents for the plot treated 
with Poly-Bond. For the plot treated with Dust Gard, all the constituents 
showed a first flush, except for Ortho-P
• In the case of Poly-Bond, 100% of the sulfate loads ran off in 
approximately the first 40% of the runoff volume. In the case of Dust 
Gard a MFF2 0  value of 1.5 was obtained which meant that 30% of the 
load occurred in the first 2 0 % of the runoff volume.
7.3 Loadings to the Las Vegas Valley 
The loadings in the Las Vegas Valley due to the application of dust 
suppressants were compared to the loadings when there is no dust suppressant 
applied to disturbed land surfaces. The following results are noteworthy:
• The loadings for Poly-Bond decreased, even though the EMC values 
for it increased. This was due to the fact that there was a decrease in 
the runoff coefficient, due to its application.
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• Nitrate loads decreased, due to the application of organic non­
petroleum, fiber mulch and magnesium chloride products. Acrylic 
polymers and ligninsulfonates caused an increase in the nitrate loading
• All categories of dust suppressants reduced phosphate loads. There 
was an exception for one type of acrylic polymer (Soil Sement) that 
caused a slight increase in loads
• TSS loads were decreased due to the application of most categories of 
dust suppressants except petroleum based products and magnesium 
chloride based products. The impacts from acrylic polymers were 
mixed. Two products caused an increase, whereas the other two 
caused a decrease in the loadings.
• Chloride loads were increased due to the application of all categories 
of dust suppressants except for Poly-Bond which is an acrylic polymer 
based dust suppressant.
• Most categories of dust suppressants except fiber mulch and 
magnesium chloride caused an increase in the sulfate loadings. It is 
noted that in the category of petroleum based products, the product 
Coherex caused a substantial increase in the loadings
• There is increased volume of runoff for all the dust suppressants 
except magnesium chloride products and one acrylic polymer based 
product (Poly-Bond)
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7.4 Significance of the Research Results
This research is significant in a broader aspect in the following ways:
• The data obtained in this research can be used to interpolate or 
extrapolate hydrologie changes for larger areas (e.g. watersheds).
Also, the data can be utilized to design proper drainage system 
downstream to take care of the increase in flow due to the application 
of these dust suppressants.
• The data obtained from studies based on reapplication of dust 
suppressants can be used to interpolate similar characteristics for 
other products and for other land surfaces. Data from this study can be 
used as the basis for implementing Best Management Practices (e.g. 
construction sites) in areas where dust suppressants are applied. If 
measures are taken to treat the runoff emanating in the initial stages of 
the storm, then it will be possible to remove a large percentage of 
pollutants without treating all the runoff that comes from the dust 
suppressant treated areas.
• The data gathered in this study is a step towards implementing suitable 
restrictions on the use of particular types of dust suppressants.
7.5 Further Research Recommendations 
The following areas of future research are recommended:
• Determine what types and how much of dust suppressants are 
currently being used in a particular region and/or the United States
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Evaluate the hydrologie impacts of dust suppressants, when they are 
applied to different situations such as unpaved roads, and to different 
types of soil.
Research the behavior of different dust suppressants, when they are 
applied to the same soil type under different climatic conditions. 
Infiltration studies should be performed with infiltrometers. This would 
provide valuable information on the depth of contamination due to the 
application of dust suppressants.
If needed, fully distributed hydrologie models could be used to 
determine the implications of a large scale use of dust suppressant on 
the runoff from a watershed.
Evaluate the environmental impacts after several reapplications of all 
types of dust suppressants (only two types of dust suppressant have 
been studied here).
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APPENDIX A
SOIL CLASSIFICATIONS FOR TEST PLOTS
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Soil classification
u s e s  (Unified Soil 
Classification System) SW  w /G
Well-Graded Sand with Gravel
Soil Properties
K, Permeability (cm/s) 0.00016
e, Void Ratio 0.233
n, Porosity 0.189
Pd (kg/m^3) 1451.1
Yd (kN/m^3) 14.24
Ps.t (kg/mA3) 1789.5
Ysai (kN/m^3) 17.55
p (kg/m^3) 1457.8
Y (kN/m *3) 14.30
w,  Moisture content (%) 0.38
G s ,  Specific Gravity 2.752
Particle Size Distribution
% Gravel (retained on the No. 4 seive) 39.44
%  Sands (retained on the No. 200 seive) 59.58
% Fines (passing through No. 200 seive) 0.89
Distribution Curve
Dso, particle diameter at 6 0 %  passing (mm) 9
Dao, particle diameter at 3 0 %  passing (mm) 0 . 5 8
D id ,  particle diameter at 1 0 %  passing (mm) 0 . 4
C c  (Unconformity coefficient) 0 . 0 9
C u  (Gradation coeffeicient) 9 6 . 3 1
Plot #1
80 
O) 70
■I 60
I  50 Q.
40■*->co
2
a. 2 0
1 1 0.01100
Particle Diameter, mm
UNLV
Department of Civil and 
Environmental Engineering
Dust Suppresant Project 
Charleston Resevoir Site 
Plot: #1
Sample Date: 5/16/01 Test Date: 6/27/01
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Soil classification
uses (Unified Soil 
Classification System) SW w/ G
Well-Graded Sand with Gravel
Soil Properties
K, Permeability (cm/s) 0.0003
e, Void Ratio 0.274
n, Porosity 0.215
Pd (kg/m^3) 1415.7
Yd (kN/m^3) 13.89
p=a, (kg/m^3) 1803.3
Y-i (kN/m^3) 17.69
p (kg/m^3) 1424.1
Y (kN/mr^3) 13.97
w, Moisture content (%) 0.62
Gs, Specific Gravity 2.388
Particle Size Distribution
% Gravel (retained on the No. 4 seive) 32.28
% Sands (retained on the No. 200 seive) 65.34
% Fines (passing through No. 200 seive) 2.30
Distribution Curve
Dao, particle diameter at 60% passing (mm) 7
Dso, particle diameter at 30% passing (mm) 0.55
Dio, particle diameter at 10% passing (mm) 0.2
Cc (Unconformity coefficient) 0.22
Cu (Gradation coeffeicient) 35.00
Plot #2
O)c 
w
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80
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100 10 1 0.1 0.01
Particle Diameter, mm
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Department of Civil and 
Environmental Engineering
Dust Suppresant Project 
Charleston Resevoir Site 
Plot: #2
Sample Date: 5/16/01 Test Date: 6/27/01
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Soil classification
uses (Unified Soil 
Classification System) SW  w /G
Weii-Graded Sand with Gravel
Soil Properties
K, Permeability (cm/s) 0.0004
e, Void Ratio 0.257
n, Porosity 0.204
Pd (kg/m^3) 1439.7
Yd (kN/m*3) 14.12
Psat (kg/m'^3) 1809.3
Y=.i (kN/m^3) 17.75
p (kg/m*3) 1449.7
Y (kN/m^3) 14.22
w,  Moisture content (%) 0.67
Gs, Specific Gravity 2.635
Particle Size Distribution
% Gravel (retained on the No. 4 seive) 31.83
% Sands (retained on the No. 200 seive) 66.10
%  Fines (passing through No. 200 seive) 2.01
Distribution Curve
Dao, particie diameter at 60%  passing (mm) 6.5
□so, particie diameter at 30%  passing (mm) 0.55
Dio, particle diameter at 10% passing (mm) 0.39
Cc (Unconformity coefficient) 0.12
Cu (Gradation coeffeicient) 16.67
Plot #3
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w
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Department of Civil and 
Environmental Engineering
Dust Suppresant Project 
Charleston Resevoir Site 
Plot: #3
Sample Date: 5/16/01 Test Date: 6/27/01
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Soil classification
u s e s  (Unified Soil 
Classification System) SW  w/ G
W ell-Graded Sand witfi Gravel
Soil Properties
K, Permeability (cm/s) 0.0003
e, Void Ratio 0.265
n, Porosity 0.209
Pd (kg/m*3) 1440.5
Yd (kN/m^3) 14.13
p«, (kg/m'^3) 1821.5
Yaai (kN/m^3) 17.87
p (kg/m^3) 1450.5
Y (kN/m^3) 14.23
IV, Moisture content (%) 0.65
Gs, Specific Gravity 2.904
Particle Size Distribution
% Gravel (retained on the No. 4 seive) 35.93
% Sands (retained on the No. 200 seive) 62.79
% Fines (passing through No. 200 seive) 0.60
Distribution Curve
Dao, particle diameter at 60%  passing (mm) 8
Dso, particle diameter at 30%  passing (mm) 0.59
D io , particle diameter at 1 0 %  passing (mm) 0.44
Cc (Unconformity coefficient) 0.10
Cu (Gradation coeffeicient) 18.18
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Soil classification
u s e s  (Unified Soil 
Classification System) SW  w/ G
W ell-Graded Sand with Gravel
Soil Properties
K, Permeability (cm/s) 0.0005
e, Void Ratio 0.260
n, Porosity 0.206
Pd (kg/m^3) 1513.7
Yd (kN/m^3) 14.85
Psai (kg/m*3) 1907.0
Ysa, (kN/mA3) 17.87
p  (kg/m^3) 1513.7
Y (kN/m''3) 14.93
w, Moisture content (%) 0.53
Gs, Specific Gravity 2.732
Particle Size Distribution
% Gravel (retained on the No. 4 seive) 37.70
%  Sands (retained on the No. 200 seive) 60.69
% Fines (passing through No. 200 seive) 1.56
Distribution Curve
Deo, particle diameter at 60% passing (mm ) 9
Deo, particle diameter at 30% passing (mm) 0.6
Dio, particle diameter at 10% passing (mm) 0.4
Cc (Unconformity coefficient) 0.10
Cu (Gradation coeffeicient) 22.50
Plot #5
O)c  
w(0(0a.
4-1C0)
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Soil classification
USCS (Unified Soil 
Classification System) SW  w /G
W ell-Graded Sand witfi Gravel
Soil Properties
K, Permeability (cm/s) 0.0001
e, Void Ratio 0.188
n, Porosity 0.158
Pd (kg/m*3) 945.4
Yd (kN/mr'3) 9.27
Ps.t (kg/m^3) 1123.0
Y»ai (kN/m^3) 11.02
p (kg/m''3) 945.4
Y (kN/m^3) 9.27
w,  Moisture content (%) 0.53
Gs, Specific Gravity 3.366
Particle Size Distribution
% Gravel (retained on the No. 4 seive) 42.20
% Sands (retained on the No. 200 seive) 57.57
% Fines (passing through No. 200 seive) 0.24
Distribution Curve
Dm, particle diameter at 60% passing (mm) 10
Dso, particle diameter at 30%  passing (mm) 0.6
Dio, particle diameter at 10% passing (mm) 0.45
Co (Unconformity coefficient) 0.08
Cu (Gradation coeffeicient) 22.22
O)c  
w(/)ns
Û.
4-*c(DOi -
(U
Q.
100
Plot #6
100
90
80
70
60
50
40
30
20
10
0
10 1 0.1 
Particle Diameter, mm
0.01
UNLV
Dust Suppresant Project
Charleston Resevoir Site
Department of Civil and Plot: #6
Environmental Engineering Sample Date: 5/16/01 Test Date: 6/27/01
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
108
Soil classification
u s e s  (Unified Soil 
Classification System) SW  w /G
W eii-Graded Sand with Gravel
Soil Properties
K, Permeability (cm/s) 0.0001
e, Void Ratio 0.240
n, Porosity 0.193
Pd (kg/m^3) 881.32
Yd (kN/m*3) 8.65
p,a( (kg/m^3) 1092.5
Ysat (kN/m^3) 10.72
p (kq/m^3) 887.1
Y (kN/m^3) 8.70
w, Moisture content (%) 0.75
Gs, Specific Gravity 2.521
Particle Size Distribution
%  Gravei (retained on the No. 4 seive) 24.68
%  Sands (retained on the No. 200 seive) 74.91
% Fines (passing through No. 200 seive) 0.42
Distribution Curve
Deo, particie diameter at 60% passing (mm) 5.5
Deo, particle diameter at 30% passing (m m ) 0.55
Dio, particle diameter at 10% passing (mm) 0.4
Cc (Unconformity coefficient) 0.14
Cu (Gradation coeffeicient) 13.75
Uic
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Soil classification
uses (Unified Soil 
Classification System) SW  w /G
Well-Graded Sand with Gravel
Soil Properties
K, Permeability (cm/s) 0.0003
e, Void Ratio 0.216
n, Porosity 0.178
Pd (kg/m^3) 1448.9
Yd (kN/m''3) 14.21
Ps.t (kg/m^3) 1762.3
Ys.t (kN/m^3) 17.29
p (kg/m/\3) 1456.8
Y (kN/m^3) 14.29
w,  Moisture content (%) 0.74
Gs, Specific Gravity 2.635
Particle Size Distribution
% Gravel (retained on the No. 4 seive) 38.38
% Sands (retained on the No. 200 seive) 60.37
% Fines (passing through No. 200 seive) 1.10
Distribution Curve
Deo, particle diameter at 6 0 %  passing (mm) 9
D m , particle diameter at 30%  passing (mm) 0.58
D io, particle diameter at 1 0 %  passing (mm) 0 . 3
Cc (Unconformity coefficient) 0.12
Cu (Gradation coeffeicient) 30.00
Oc
■<0
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Soil classification
u s e s  (Unified Soil 
Classification System) SW  w /G
Weii-Graded Sand with Gravei
Soil Properties
K, Permeability (cm/s) 0.0003
e, Void Ratio 0.222
n, Porosity 0.182
Pd (kg/m'^S) 1469.8
Yd (kN/m^3) 14.42
p ,at (kg/m*3) 1796.5
Yaa. (kN/m^3) 17.62
p (kg/m^3) 1477.9
Y  (kN/m'^S) 14.50
w, Moisture content (%) 0.52
Gs, Specific Gravity 2.556
Particle Size Distribution
% Gravei (retained on the No. 4 seive) 34.68
% Sands (retained on the No. 200 seive) 64.46
% Fines (passing through No. 200 seive) 0.87
Distribution Curve
Deo, particle diameter at 60%  passing (mm) 8
Doo, particie diameter at 30%  passing (mm) 0.56
Dio, particie diameter at 10% passing (mm) 0.4
Cc (Unconformity coefficient) 0.10
Cu (Gradation coeffeicient) 20.00
Plot #9
Ui£
”55
(A
(0
CL
£0)oL.
ûî 20
1 0.01100
Particle Diameter, mm
UNLV
Department of Civil and 
Environmental Engineering
Dust Suppresant Project 
Charleston Resevoir Site 
Plot: #9
Sample Date: 5/16/01 Test Date: 6/27/01
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
111
Soil classification
u s e s  (Unified Soil 
Classification System) SW  w /G
W ell-Graded Sand with Gravel
Soil Properties
K, Permeability (cm/s) 0.0002
e, Void Ratio 0.192
n, Porosity 0.161
Pd (kg/m^3) 1659.1
Yd (kN/m^3) 16.28
p ,.t  (kg/m*3) 1977.7
Y » i (kN/m''3) 19.40
p  (kg/m^3) 1667.5
Y (kN/m''3) 16.36
w,  Moisture content (%) 0.49
Gs, Specific Gravity 2.387
Particle Size Distribution
% Gravel (retained on the No. 4 seive) 40.35
% Sands (retained on the No. 200 seive) 56.53
% Fines (passing through No. 200 seive) 3.11
Distribution Curve
Dso, particle diameter at 60% passing (mm) 8
Dso, particle diameter at 30%  passing (mm) 0.57
Dio, particle diameter at 10% passing (mm) 0.3
Cc (Unconformity coefficient) 0.14
Cu (Gradation coeffeicient) 26.67
G)
C
wM(0
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Soil classification
u s e s  (Unified Soil 
Classification System) SW  w /G
W ell-Graded Sand with Gravel
Soil Properties
K, Permeability (cm/s) 0.0003
0 , Void Ratio 0.189
n, Porosity 0.159
Pd (kg/m^3) 1745.3
Yd (kN/m^3) 17.12
p,ai (kg/m^3) 2074.3
Ysat (kN/m^3) 20.35
p (kg/m*3) 1752.4
Y (kN/m^S) 17.19
w,  Moisture content (%) 0.38
Gs, Specific Gravity 2.752
Particle Size Distribution
%  Gravel (retained on the No. 4 seive) 30.76
% Sands (retained on the No. 200 seive) 68.43
% Fines (passing through No. 200 seive) 0.80
Distribution Curve
Deo, particle diameter at 60% passing (mm) 5
Doo, particle diameter at 30% passing (mm) 0.53
Dio, particle diameter at 10% passing (mm) 0.38
Cc (Unconformity coefficient) 0.15
Cu (Gradation coeffeicient) 13.16
O)
c
'w(0
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Soil classification
USCS (Unified Soil 
Classification System) SW  w /G
Weii-Graded Sand with Gravei
Soil Properlies
K, Permeability (cm/s) 0.0002
e, Void Ratio 0.159
n, Porosity 0.137
Pd (kg/m^3) 1022.0
Yd (kN/m^3) 10.03
p.., (kg/m*3) 1184.2
Ysat (kN/m*3) 11.62
p (kg/m''3) 1025.8
Y (kN/m^3) 10.06
w, Moisture content (%) 0.62
Gs, Specific Gravity 2.388
Particle Size Distribution
%  Gravel (retained on the No. 4 seive) 37.24
%  Sands (retained on the No. 200 seive) 61.11
% Fines (passing through No. 200 seive) 1.55
Distribution Curve
Deo, particle diameter at 60%  passing (mm) 8.6
Dao, particie diameter at 30% passing (mm) 0.57
Dio, particie diameter at 10% passing (mm) 0.5
Cc (Unconformity coefficient) 0.08
Cu (Gradation coeffeicient) 17.20
Plot #12
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DATA COLLECTION SHEET
STATUS : SIMULATION
6.83
DATE :
PLOT:
AREA : 5 1 .8 2  sg. ft
11/21/2001
R O A D P R O (1 )(B )
4 8 1 4 0 .2 6 sq.cm
7.58 
N ^
VOLUMETRIC FLOW FROM PLOT (ml): 23200
RAINFALL RATE (volume)(ml) : 41.78 RAINFALL RATE (depth)(cm) : 1.58
47 wim 49
/ M a f 44
: : i s i ; 35;
1.78 1 1.82 1 1.85
l U Î T 1 1.55 1 ’ ■^:7
1.36 1 1.36 _ |  1.32
Volume Time
WEATHER : litres
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)
1650 12.17
2000 12,24
(C) (C) (Km/s) 1650 12.29
Start 17 5 E-SE 30.11 23 2000 12.35
15 mlti. 2250 12.38
30 mln 2200 12.42
45 mln 1800 12.46
60 mln 18 6 S -S W 30.11 24 2100 12.50
2000 12.53
TANK: 2000 12.56
START LEVEL (gal) END LEVEL (gai) Difference (gal) 1250 12.58
500 250 250 2300 End
PLOT RAINFALL : 23200
START TIME END TIME
12.00 1.00
VOLUMETRIC RAIN : 
PRESSURE AT JUNCTION : 
RUNOFF COEFFICIENT
76123.89 ml
19 psi at 4m psi
0.30
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DATA COLLECTION SHEET
STATUS : SIMULATION
1 1 6
R 0 A D P R 0 (1 ) (D )
DATE; ________  11 /21/2001
PLOT : ___
AREA : 5 1 .9 2  sg. ft.
WEATHER :
4 8 2 3 0 .5 8  sq.cm 7.00
7.42
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 16 6 E-SE 30.11 26
15 min.
30 min
45 min
60 mln 17 5 E-SE 30.11 24
TANK:
START LEVEL (gal) END LEVEL (gal) Difference (gal)
825 500 325
PLOT RAINFALL :
START TIME END TIME
10.25 11.25
Volume Time
litres
1800 10.39
1900 10.45
1700 10.49
1900 10.53
2000 10.57
1900 11.01
1650 11.04
1900 11.08
2250 11.13
2050 11.16
1900 11.2
2000 11.25
250 End
23200
VOLUMETRIC FLOW FROM PLOT (ml): 2 3 2 0 0
RAINFALL RATE (volume)(ml) : 4 2 .7 8  RAINFALL RATE (depth)(cm) : 1 .62
:::v# 1.32 (
1.78 1 # # : |# 7 4
49 ::::::3ë 1.85 1 1.70 _ |  1.44
VOLlJMETRIC RAIN : 7 8 0 9 2 .2 5 ml
PRESSURE AT JUNCTION : 19 psi at 4m psi
RUNOFF COEFFICIENT :
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DATA COLLECTION SHEET
STATUS : SIMULATION
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DATE : _________ 11/28/2001___________
PLOT :  ROAD 0YL(2)(D)
AREA : 54.98 sq.ft. 51075.65 sq.cm
WEATHER :
TANK:
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s) ^
Start 5 5 S E-8 30.11 31
15 min.
30 mln
45 min
60 min 6 3 E 30.11 29
START LEVEL (gal) END LEVEL (gal) Difference (gal)
1050 700 350
PLOT RAINFALL :
START TIME END TIME
9.05 10.05
7.58
7.25
Volume Time
litres
1750 9.32
1950 9.4
2000 9.47
2100
1750 9.59
1450 10.03
1550 End
12550
VOLUMETRIC FLOW FROM PLOT (ml): 12550
RAINFALL RATE (volume)(ml) : 48.22 RAINFALL RATE (depth)(cm) : 1.83
RUNOFF COEFFICIENT : 0.13
# # 5 50 1.85 1 1.85 1 1.89
. 4 . . # 4# l a s 1 1.74 1 1.85
45 1.89 1 1:74 J  1.70
VOLlJMETRIC RAIN : 932 2 4 .1 2 ml
PRESSURE AT JUNCTION : 19 psi at 4m psi
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DATA COLLECTION SHEET
STATUS : SIMULATION
6.83
DATE : ___
PLOT : ___
AREA ; 4 9 .5 4  sg. ft
WEATHER :
11 /28/2001
R O A D  0 Y L (2 )(B )
4 60 24 .21 sq.cm
TANK:
START LEVEL (gal) END LEVEL (gal) Difference (gal)
700 400 300
PLOT RAINFALL :
START TIME END TIME
10.43 11.43
7.25 
N _
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 7 8 S 30.11 28
15 mln.
30 min
45 min
60 min 6 6 E-SE 30.11 32
Volume
litres
1800
1800
1750
1700
1900
1700
2400
13050
Time
11.17
11.23
11.27
11.31
11.35
11.4
End
VOLUMETRIC FLOW FROM PLOT (ml): 13050
RAINFALL RATE (volume)(ml) : 5 2 .6 7  RAINFALL RATE (depth)(cm) : 1.99
RUNOFF COEFFICIENT : 0 . 1 4
56 2.35 1 2.12 1 2 20
60 54 ..‘S ® 2.27 1 2.04 1 1.89
1.74 1 1.74 _| 1 ;>i
VOLlJMETRIC RAIN : 9 1 7 4 6 .4 7 ml
PRESSURE AT JUNCTION : 19 psi a t 4m psi
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DATA COLLECTION SHEET
STATUS : SIMULATION
E N V IR O -T A C (3 )(B )
DATE: 11/17/2001
PLOT
AREA ; 5 0 .4 7  sg. ft
WEATHER :
4 6 8 8 8 .6 9 sq.cm
7.67 
N _
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 17 6 30.11 32
15 mln.
30 min
45 mln
60 mln 18 8 30.11 33
TANK:
START LEVEL (qal) END LEVEL (qal) Difference (gal)
700 400 300
PLOT RAINFALL :
START TIME END TIME
10 11
VOLUMETRIC FLOW FROM PLOT (ml): 44000
RAINFALL RATE (volume)(ml) : 4 8 .6 7  RAINFALL RATE (depth)(mm) : 1.84
53 50 48
1 a ; 4 , *
51 4, M
2.01 j 1.89 1 1.82
2 *  | i m 1 1.74
1.93 1 # # J  1.59
Volume Time
litres
1850 10.11
1750 10,16
2000 10.18
1900 10.21
2100 10.24
2200 10.26
2250 10.29
2100 10.32
1700 10.33
2100 10.35
1900 10.37
2200 10.4
2100 10.42
2300 10.45
2200 10.47
2300 10.5
2100 10.52
2250 10.54
2300 10.57
2200 10.59
2200 End
44000
VOLUMETRIC RAIN : 8 6 3 7 0 .8 0 ml
PRESSURE AT JUNCTION :______
RUNOFF COEFFICIENT ; 0.51
19 psi a t 4m psi
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DATA COLLECTION SHEET
STATUS : SIMULATION
DATE :  11/17/2001______
PLOT : E N V IR 0 -T A C (3 )(C )
AREA: 5 1 .6 7  sq.ft. 4 7 9 9 8 .3 3  sq.m
WEATHER :
7.75
6.67
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 15 0 30.11 37
15 mln.
30 min
45 min
60 min 16 0 30.11 34
TANK:
START LEVEL (gal) END LEVEL (gal) Difference (gal)
1020 700 320
PLOT RAINFALL :
START TIME END TIME
8.13 9.13
VOLUMETRIC FLOW FROM PLOT (ml): 4 89 5 0
RAINFALL RATE (volume)(ml) : 54.11 RAINFALL RATE (depth)(mm) : 2 .0 5
60
I::::::;; 47
2.08 | 2 j7 1 ;2.3S
2.01 1
1.7S| 1 178 _J 1i78
Volume Time
litres
2000 8.26
2000 8.3
2250 8.32
1950 8.35
2100 8.37
2250 8.39
2100 8.41
2000 8.43
1500 8.45
2250 8.47
2150 8.49
2200 8.51
1900 8.53
2250 8.55
2250 8.57
2300 8.59
1900 9.01
2250 9.03
2100 9.05
2250 9.07
2000 9.09
2200 9.11
1800 9.13
1000 End
48950
VOLUMETRIC RAIN : 9 83 0 5 .9 5 ml
PRESSURE AT JUNCTION : 19 psi at 4m psi
RUNOFF COEFFICIENT : 0.50
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DATA COLLECTION SHEET
STATUS : SIMULATION
6.417
DATE : ____
PLOT : ____
AREA : 4 9 .1 9  sq.ft.
WEATHER :
11/19/2001
7.667
T 0 P E IN (4 )(A )
4 5 7 0 1 .6 4  sq.m
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Mo. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 15 2 SW 30.11 29
15 min.
30 min
45 mln
60 mln 17 6 NE 30.11 27
TANK:
START LEVEL (gal) END LEVEL (gal) Difference (gal)
575 275 300
PLOT RAINFALL :
START TIME END TIME
9.38 10.55
Volume
litres
1750 
1250 ' 
1750 
1700 
2100 
1600 
1500
11650
Time
10 35 
40.38 
10.44 
10.48 
10.53 
10.55 
End
VOLUMETRIC FLOW FROM PLOT (ml): 11650
RAINFALL RATE (volume)(ml) : 6 3 .7 8  RAINFALL RATE (depth)(cm) : 2.41
65 66 60
64 68 63
60 66 62
VOLUMETRIC RAIN : 1 10 3 2 3 .5 8
2.46 1 2.50 1 ■??■/
2 42 [ 2.57 1 2.38 
, 1
2.27 j 2.50 _ |  2.35
PRESSURE AT JUNCTION : _
RUNOFF COEFFICIENT : 0.11
19 psi a t 4m psi
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DATA COLLECTION SHEET
STATUS : SIMULATION
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T0PEIN(4)(A)
DATE: ____  11/19/2001
P L O T  : ___ __
A R E A  : 5 0 .6 3  sg. ft
W E A T H E R  :
4 7 0 3 0 .6 3  sq.cm 7.5
6.75
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 11 5 SW 30.11 39
15 mln.
30 min
45 min
60 min 15 3 SE 30.11 30
TANK:
START LEVEL (gal) END LEVEL (gal) Difference (gal)
900 575 325
PLOT RAINFALL :
START TIME END TIME
7.41 8.56
Volume Time
litres
1800 8 19 
8.31
1800
1750
2200
1600
8.43
8.51
8.54
8.56
End
12350
VOLUMETRIC FLOW FROM PLOT (ml): 12350
RAINFALL RATE (volume)(ml) : 5 9 .3 3  RAINFALL RATE (depth)(cm) : 2.25
RUNOFF COEFFICIENT : 0.12
59: 6# 1.82 2.23 1 2 35
60 2.08 2.27 1 2o1
56 65 2.27 1 2.12 _ |  2.46
VOLlJMETRIC RAIN : 105620.13 ml
PRESSURE AT JUNCTION : 19 psi at 4m psi
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
DATA COLLECTION SHEET
STATUS : SIMULATION
123
DATE :  11/1/2001______
PLOT :  DUSTAC(5)(A)____
AREA : 56.00 sg. ft. 52024.00 sq.cm
WEATHER :
TEMP TEMP WIND WIND Me. Airport RELATIVE
TIME INSIDE OUTSIDE SPEED DIRECTION BAR. Press HUMIDITY
(C) (C) (Km/s) (mbar) (%)
Start 15 2 E-SE 30.11 46
15 min.
30 min
45 min
60 mln 20 2 SW 30.11 38
TANK :
START LEVEL (qal) END LEVEL (qal) Difference (qal)
1000 700 300
PLOT RAINFALL :
START TIME END TIME
7.4 8.4
Volume Time
litres
1750
1750 2 5 qallons
1850
1700
2000
1550
1500
1350
1300
1300
1400
1450
1750
1800
2000
2000
VOLUMETRIC FLOW FROM PLOT (m l): 26450
RAINFALL RATE (volum e)(m l) : 50.44 RAINFALL RATE (depth)(cm ) : 1.91
48 51 50 1.82: 1 1,93
60 52 2.27: I f f ! # IfiTàà
46 45 50 1.74 1 t./o J  I.B9
VOLUMETRIC RAIN : 99330.88 ml
PRESSURE AT JUNCTION ; 19 psi at 4m psi
RUNOFF COEFFICIENT :
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DATA COLLECTION SHEET
STATUS : SIMULATION
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DUSTAC(5)(A)
D A T E : ____  11/1/2001
PLOT : ____
AREA : 49.29 sg. ft.
WEATHER ;
45791.96 sq.cm
TANK :
START LEVEL (qal) END LEVEL (gal) Difference (qal)
700 350 350
PLOT RAINFALL :
START TIME END TIME
9.4 10.4
7.58 
N _
TEMP TEMP WIND WIND Me. Airport RELATIVE
TIME INSIDE OUTSIDE SPEED DIRECTION BAR. Press HUMIDITY
(C) (C) (Km/s) (mbar) (%)
Start 20 ^ 2 SW 30.11 38
15 min.
30 mln
45 mln
60 min 21 2 s 30.11 33
Volume
1250
1300
1700
14950
2.5 qallons al 10,33
VOLUMETRIC FLOW FROM PLOT (ml): 14950
RAINFALL RATE (volume)(ml) : 46.11 RAINFALL RATE (depth)(cm) : 1.75
49 .;■/ ■i:. 1.85 1 1.78 1 1.70
50 47 1.89; 1 1.78 1 1.78
42 41 47 1.59 J  1.78
VOLlJMETRIC RAIN : 79921.20
j 1.55 
ml
PRESSURE AT JUNCTION : 19 psi at 4m psi
RUNOFF COEFFICIENT :
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DATA COLLECTION SHEET
STATUS : SIMULATION
6 .9 1 7
DATE : __________ 3 /1 2 /2 0 0 2 _____________
PLOT : C O N T R O L  P L O T  1
AREA : 4 6 .6 9  sg. ft. 4 3 3 7 2 .6 9  sq.cm
WEATHER :
6.75
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 16 3 E-SE 21
15 min.
30 min
45 mln
60 mln 19 2 SE 19
TANK:
START LEVEL (gal) END LEVEL (qal) Difference (qal)
1000 350 650
PLOT RAINFALL :
START TIME END TIME
9.58 10.58
2.5
Volume Time
litres
2200 10.55
2000 10.58
2300 End
6500
VOLUMETRIC FLOW FROM PLOT (ml): 6 5 0 0
RAINFALL RATE (volume)(ml) : 4 7 .2 2  RAINFALL RATE (depth)(cm) : 1.79
50 I'i 4 f 1.89 1 182
" i
51 48 46 1.93 1 1.82 1.74
48 48 45 1 1.82 1.70
VOLUMETRIC RAIN : 77522.89 ml
PRESSURE AT JUNCTION : 20 psi psi
RUNOFF COEFFICIENT 0.08
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DATA COLLECTION SHEET
STATUS : SIMULATION
6 .8 3 3
DATE : __
PLOT : _____________
AREA : 4 7 .8 3  sg. ft,
WEATHER :
3 /1 2 /2 0 0 2
CONTROL PLOT 2
4 4 4 3 7 .1 7 sq.cm
TEMP TEMP WIND WIND Me. Airport RELATIVE
TIME INSIDE OUTSIDE SPEED DIRECTION BAR. Press HUMIDITY
(C) (C) (Km/s) (mbar) (%)
Start 19 0 19
15 min.
30 mln
45 mln
60 mln 20 5 SE-E 17
TANK:
START LEVEL (qal) END LEVEL (gal) Difference (gal)
1000 350 650
PLOT RAINFALL :
START TIME END TIME
11.5 12.5
2.5
Volume Time
litres
750 12.38
750 12.4
1000 12.42
1100 12.44
1400 12.46
200 12.49
2000 12.5
1350 END
8550
VOLUMETRIC FLOW FROM PLOT (ml): 8 5 5 0
RAINFALL RATE (volume)(ml) : 4 5 .5 6  RAINFALL RATE (depth)(cm) : 1.72
44 42 1.67 1 1-70 1.59
45 48 42 1.70 1 1.82 1.59
49 50 45 1.85 [ 1.89 1.70
VOLUMETRIC RAIN : 76622.25 ml
PRESSURE AT JUNCTION : 20  ps psi
RUNOFF COEFFICIENT 0.11
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DATA COLLECTION SHEET
STATUS : SIMULATION
6.5
DATE : _
PLOT : _
AREA : 5 0 .3 8  sg. ft,
WEATHER :
11/6/2001
S O IL  S E M E N T (7 )(A )
4 6 7 9 8 .3 8 sq.cm
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 17 0 W - SW 30.11 55
15 min.
30 min
45 mln
60 mln 19 2 SW -s 30.11 51
TANK:
START LEVEL (gal) END LEVEL (gal) Difference (gal)
1030 700 330
PLOT RAINFALL :
START TIME END TIME
7.33 8.33
VOLUMETRIC FLOW FROM PLOT (ml): 2 3 2 0 0
Volume Time
litres
500
1900
1600
1700
2100
2050
1700 8.1
1800 8.15
2050 8.19
1750 8.24
1750 8.27
2050 8.31
2250 END
23200
RAINFALL RATE (volume)(ml) : 5 4 .2 2  RAINFALL RATE (depth)(cm) : 2 .0 5
50 * 57
69 60
52
1.89 [ 2.12 1 2.16
2.04 2.23 1 2.27
1.89 1 1.89 I 1.97
VOLUMETRIC RAIN : 96045 .11 ml
PRESSURE AT JUNCTION : __
RUNOFF COEFFICIENT 0.24
19 psI a t 4m psi
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DATA COLLECTION SHEET
STATUS : SIMULATION
1 2 8
DATE : _
PLOT : _
AREA : _
WEATHER ;
11/6 /2001
S O IL  S E M E N T (7 )(B )
4 1 .0 0  sg. ft. 3 8 0 8 9 .0 0 sq.cm
TANK:
START LEVEL (qal) END LEVEL (qal) Difference (qal)
700 400 300
PLOT RAINFALL :
START TIME END TIME
9.15 10.15
6.83 
N .
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
{%)(C) (C) (Km/s)
Start 20 5 S-SE 30.11 49
15 min.
30 mln
45 mln
60 mln 21 4 NE 30.11 51
Volume Time
litres
1900 9.35
1600 9.39
2000 9.45
1600 9.49
1800 9.54
1700 9,58
2000 10.03
1500 10.06
1900 10.11
2200 10.14
500 END
18700
VOLUMETRIC FLOW FROM PLOT (ml):  18700_________
RAINFALL RATE (volume)(ml) : 5 0 .0 0  RAINFALL RATE (depth)(cm) : 1.89
62 56 55 2.35 [ 2.12 1 2 08
56 50 41 2.12 1.89 1 1.55
49 41 40 1.85 1 1.55 _ |  1.51
VOLlJMETRIC RAIN : 72083.65 ml
PRESSURE AT JUNCTION : 19 psi at 4m psi
RUNOFF COEFFICIENT 026
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DATA COLLECTION SHEET
STATUS : SIMULATION
DATE : _____
PLOT : _____
AREA : 5 4 .2 5  sg. ft,
WEATHER :
11/15/2001
E K 35 (8 )(C )
5 0 3 9 8 .2 5  sq.cm 7.75
7.00
TIME
TEMP
INSiDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 13 0 30.11 43
15 min.
30 min
45 min
60 min 15 0 30.11 35
TANK:
START LEVEL (gal) END LEVEL (qal) Difference (gal)
1050 700 350
PLOT RAINFALL :
START TIME END TIME
7.22 8.22
VOLUMETRIC FLOW FROM PLOT (ml):  5 0 9 0 0 _________
RAINFALL RATE (volume)(ml) : 5 5 .2 2  RAINFALL RATE (depth)(cm) :
2.08 I 2.27 I 2.27
2 .09
55 60 60
55 551 54
50 53
2.08 2.08
1 89 2.01
Volume Time
litres
1700 7,3
1800 7.33
1800 7.35
2150 7.38
2000 7.4
2200 7.43
2200 7.45
2300 7.47
2200 7.49
2150 7.51
2200 7.53
2200 7.55
2250 7.58
2250 8.01
2200 8.03
2300 8.05
2250 8.07
2300 8.1
2300 8.13
2100 8.15
2300 8.17
2250 8.2
2300 8.22
1200 End
50900
VOLUMETRIC RAIN : 
PRESSURE AT JUNCTION ;
RUNOFF COEFFICIENT
1 0 5 3 4 0 .7 8 ml
19 psi at 4m psi
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DATA COLLECTION SHEET
STATUS : SIMULATION
DATE:
PLOT:
AREA : 5 7 .7 5  sg. ft.
11 /15 /2001
8,25
E K 35(8 )(A )
5 3 6 4 9 .7 5 sq.cm
VOLUMETRIC FLOW FROM PLOT (ml): 301 0 0
RAINFALL RATE (volume)(ml) : 4 5 .0 0  RAINFALL RATE (depth)(cm) : 1.70
50
43!
35
1 93
1.59
1.89
1.63
1.32
2.04
1.67
1.36
VOLUMETRIC RAIN : 91379.21 ml
130
. .. . Volume Time
WEATHER : litres
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)
1900 9,02
2200 9.05
(C) (C) (Km/s) 2000 9.08
Start 15 3 SE 30.11 37 2150 9.1
15 mln. 2250 9.12
30 min 2250 9.15
45 mln 2250 9.17
60 min 17 5 E 30.11 34 2100 9.19
1950 9.22
TANK: 1950 9.25
START LEVEL (gal) END LEVEL (gal) Difference (gal) 1700 9.31
700 450 250 2100 9.36
1800 9.42
PLOT RAINFALL : 1900 9.47
START TIME END TIME 1600 End
8.51 9.51
30100
PRESSURE AT JUNCTION : 19 psi at 4m psi
RUNOFF COEFFICIENT 0.33
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DATA COLLECTION SHEET
STATUS : SIMULATION
5.75
DATE : ___
PLOT : __
AREA : 4 6 .0 0  sg. ft
WEATHER :
11/9/2001
P L A S B 0 N D (9 )(A )
4 2 7 3 4 .0 0 sq.cm
TEMP TEMP WIND WIND Me. Airport RELATIVE
TIME INSIDE OUTSIDE SPEED DIRECTION BAR. Press HUMIDITY
(C) (C) (Km/s) (mbar) (%)
Start 19 4 W - SW 30.11 25
15 min.
30 min
45 mln
60 mln 20 3 NE - E 30.11 26
TANK:
START LEVEL (pat) END LEVEL (qal) Difference (qal)
1000 350 650
PLOT RAINFALL :
START TIME END TIME
10.06 12.06
2.5
Volume Time
litres
1750 11 23
1750 11.33
1850 11.37
2100 11.44
2200 11.48
2200 11.54
1000 11.56
2200 12
1950 12.04
1250 end
18250
VOLUMETRIC FLOW FROM PLOT (ml): 182 5 0
RAINFALL RATE (volume)(ml) : __ 9 9 .3 3  RAINFALL RATE (depth)(cm) :
30&60 mln 25.50
3 .78
1 hr
98 97 98
1 hr
3.71 1 3.67 3 71
46 98 96 106 50 3.71 3.63 4.01
97 96 . 108 3.67 1 3.63 4.09
30&60 min 20,45
VOLUMETRIC RAIN : 16 0 6 7 0 .3 5
PRESSURE AT JUNCTION :
RUNOFF COEFFICIENT
0 - 3 0  min — 2 0  psi
SO-end —  23 psi
psi
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DATA COLLECTION SHEET
STATUS : SIMULATION
5.5
DATE : ___
PLOT : __
AREA : 4 0 .7 9  sg. ft
WEATHER :
11/11/2001
P L A S B 0 N D (9 )(B )
3 7 8 9 5 .4 6 sq.cm
7.42 
N ^
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 17 2 N - NE 30.11 44
15 mln.
30 min
45 min
60 min 20 7 N-NE 30.11 39
TANK:
START LEVEL (gal) END LEVEL (gal) Difference (gal)
850 250 600
PLOT RAINFALL :
START TIME END TIME
8.33 10,33
Volume Time
litres
1500 10
1500 10.04
1750 10.07
1500 10.1
1450 10.17
1400 10.24
1400 10.29
1900 10.33
500 end
12900
VOLUMETRIC FLOW FROM PLOT (ml):  129 0 0 _________
RAINFALL RATE (volume)(ml) : 9 9 .8 9  RAINFALL RATE (depth)(cm) : 3 .7 8
1 hr
too 104
1 hr
3.79 [ 3.94
46 101 103 50 4.09 3.82
95 3.82 _ |  3.60
r  3.90 
I 3.41
VOLUMETRIC RAIN : 1 4 3 2 7 5 .3 7 ml
PRESSURE AT JUNCTION : 18 psi
RUNOFF COEFFICIENT 0.09
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DATA COLLECTION SHEET
STATUS ; SIMULATION
133
DATE : _
PLOT : _
AREA : _
WEATHER :
1 0 /3 0 /20 0 1
P O L Y B O N D (1 0 )(A )
4 8 sq. ft. 4 4 5 9 2 sq.cm
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 21 3 NE-E 30.11 30
15 mln.
30 mln
45 mln
60 mln 21 7 E 30.11 31
TANK:
START LEVEL (qal) END LEVEL (qal) Difference (gal)
650 350 300
PLOT RAINFALL :
START TIME END TIME
9.17 10.17
VOLUMETRIC FLOW FROM PLOT (ml): 2700
BOTTLE VOLUMES
1 1200
2 1500
TOTAL 2700
RAINFALL RATE (volume){ml) ; 44 .11  RAINFALL RATE (depth)(cm) : 1 .67
..,«0 54 K /2,08
1.55 : 1;;70
39 38 36 1.48 /  1.44 : 1.36
VOLUMETRIC RAIN : 7 4 4 5 1 .2 7 ml
PRESSURE AT JUNCTION : 18 psi
RUNOFF COEFFICIENT 0 .0 4
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DATA COLLECTION SHEET
STATUS : SIMULATION
134
P O L Y B O N D (1 0 )(D )
DATE: _  10 /30 /2001
PLOT : _
AREA : 5 3 .3 3  sg. ft,
WEATHER :
4 9 5 4 6 .6 7  sq.cm
6.67
TEMP TEMP WIND WIND Me. Airport RELATIVE
TIME INSIDE OUTSIDE SPEED DIRECTION BAR. Press HUMIDITY
(C) (C) (Km/s) (mbar) (%)
Start 18 3 W 30.11 41
15 min.
30 min
45 min
60 min 21 3 w -s w 30.11 30
TANK :
START LEVEL (gal) END LEVEL (gal) Difference (gal)
650 350 300
PLOT RAINFALL :
START TIME END TIME
7.38 8.38
BOTTLE VOLUMES
1 1300
2 1700
TOTAL 3000
VOLUMETRIC FLOW FROM PLOT (ml): 3 00 0
RAINFALL RATE (volume)(ml) : 4 5 .0 0  RAINFALL RATE (depth)(cm) : 1.70
44 53: 47
44 48 45
42 42: 40
1.67 | f p 1 1 1 9 ^
1 4 #
. 1
1.59 1 1.59 1 1.51
VOLUMETRIC RAIN : 84390 .81
PRESSURE AT JUNCTION : 18 psi
RUNOFF COEFFICIENT 0 .0 4
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DATA COLLECTION SHEET
STATUS : SIMULATION
DATE :  12/1 /2001______
PLOT : C 0 H E R E X (1 1 )(  C)
AREA : 6 5 .3 3  sg. ft. 6 0 6 9 4 .6 7  sq.cm
WEATHER :
1.33
7
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 9 5 NE 30.11 54
15 min.
30 mln
45 min
60 min 9 5 NE-E 30.11 55
TANK:
START LEVEL (gal) END LEVEL (gal) Difference (gal)
700 350 350
PLOT RAINFALL ;
START TIME END TIME
10.50 11.50
VOLUMETRIC FLOW FROM PLOT (ml): 4 6 2 0 0
RAINFALL RATE (volume)(ml) : 4 8 .5 6  RAINFALL RATE (depth)(cm) : 1.84
59 60 60
49 36
40 36 46
2 23 1 2.27 1 2.27
1.93 1 1.85 1 1.36
1,51 1 1.36 J  1.74
Volume Time
litres
1900 11.00
1900 11.04
2300 11.09
1800 11.11
1400 11.13
2000 11.15
2100 11.18
1700 11.20
2300 11.22
2300 11.24
2200 11.26
2200 11.28
2200 11.30
2200 11.32
2200 11.34
2200 11.36
2200 11.38
2200 11.41
2200 11.44
2200 11.46
2300 11.48
2200 11.50
46200
VOLUMETRIC RAIN : 1 1 1 5 4 6 .6 8
PRESSURE AT JUNCTION : _
RUNOFF COEFFICIENT 0.41
19 psi at 4m psi
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DATA COLLECTION SHEET
STATUS : SIMULATION
DATE : __
PLOT : __
AREA : 5 9 .2 2  sg. ft
WEATHER :
12/1 /2001
COHEREX(11)( D)
5 5 0 1 7 .4 4  sq.cm 1.67
6.83
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
{%)(C) (C) (Km/s)
Start 8 5 S E- E 30.11 57
15 mln.
30 min
45 min
60 mln 9 8 E 30.11 57
TANK;
START LEVEL (gal) END LEVEL (gal) Difference (gal)
1030 700 330
PLOT RAINFALL :
START TIME END TIME
9.08 10.08
30400
VOLUMETRIC FLOW FROM PLOT (ml): 3 0 4 0 0
RAINFALL RATE (volume)(ml) : 4 2 .4 4  RAINFALL RATE (depth)(cm) : 1.61
46 45 54
43 41 41,
41 35 36
1.74 1 1.70; 1 #04:;
* Ï 8 3 1 1.5S 1 1.55
1
1.55 1 132 J - : : l /3 6
136
Volume Time
litres
2000 9.18
1600 9.21
1700 9.24
1500 9.28
1700 9.31
1750 9.34
1250 9.37
1800 9.40
2200 9.44
1650 9.48
2000 9.52
1900 9.55
1700 9.59
1900 10.02
2050 10.05
2000 10.08
1700 End
VOLUMETRIC RAIN : 88387 .01
PRESSURE AT JUNCTION :
RUNOFF COEFFICIENT
19 psi at 4m
0.34
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DATA COLLECTION SHEET
STATUS : SIMULATION
8.6
DATE : _  
PLOT : _
AREA : _
WEATHER :
10 /23/2001
D U S T G A R D (1 2 )(A )
6 1 .0 6  sq. ft. 5 6 7 2 4 .7 4  sq.cm
7.1
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 14 3.5 W EST 30.11 21
15 min.
30 min
45 min
60 min 20 5 NE-E 30.11 14
TANK :
START LEVEL (gal) END LEVEL (gal) Difference (gal)
1040 600 440
PLOT RAINFALL :
START TIME END TIME
8.05 9.05
VOLUMETRIC FLOW FROM PLOT (ml);
RAINFALL RATE (volume)(ml) : 5 6 .6 7  RAINFALL RATE (depth)(mm) :
: : 14® 55 55 "f;74 r&OBi 2.08
50 59 63 1.89
60 62 60 2.27 ÿ.2.86! 2.27
VOLUMETRIC RAIN : 12 16 6 5 .4 8 ml
PRESSURE AT JUNCTION : 18 psi
2.1 4
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DATA COLLECTION SHEET
STATUS : SIMULATION
5.4
DATE : _
PLOT : _
AREA : _
WEATHER :
10/23/2001
D U S T G A R D (1 2 )(B )
4 6 .9 8  sq. ft. 4 3 6 4 4 .4 2  sq.cm
TIME
TEMP
INSIDE
TEMP
OUTSIDE
WIND
SPEED
WIND
DIRECTION
Me. Airport 
BAR. Press 
(mbar)
RELATIVE
HUMIDITY
(%)(C) (C) (Km/s)
Start 18 0 NORTH 18
15 mln. 19 0 NORTH 31
30 min 20 0 NORTH 27
45 mln
60 mln 22 6 EAST 24
3.7
TA NK :
START LEVEL (gal) END LEVEL (gal) Difference (gal)
1050 700 350
PLOT RAINFALL :
START TIME END TIME
8.05 9.05
VOLUMETRIC FLOW FROM PLOT (ml):
RAINFALL RATE (volume)(ml) : 7 9 .4 4  RAINFALL RATE (depth)(cm) :
70: 68: 64 2.65 2.57 2.42
90: 90 88 3.41 3.41 3.33
78 83 84 2.95 3.14 3.18
VOLUMETRIC RAIN : 1 3 12 37 .9 5 ml
PRESSURE AT JUNCTION : 15 psi
3.01
3m distance
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DATA COLLECTION SHEET
STATUS : REAPPLICATION SIMULATION
DATE : 12/14/2002
PLOT : Dust Gard
AREA ; 50.16 sq. ft. 46598.64
PLOT RAINFALL :
START TIME END TIME
9:05:00 10:05:00
7.60 
N _
VOLUMETRIC FLOW FROM PLOT (ml): 12
RAINFALL RATE (volume)(ml) : 50.44 RAINFALL RATE (depth)(cm) ; 1.91
■57 54 • 2.16 1 2.04
52 48 50 1.97 1 1.82 1 ■ 50
46 45 1,97 1 1.74 J  1 7:
VOLLJMETRIC RAIN : 88972.09 ml
PRESSURE AT JUNCTION : 19 psi at 4m psi
Time
Cumulative
Volume
9:17:00 1 0:12:00
9:25:00 2 0:20:00
9:30:00 3 0:25:00
9:34:00 4 0:29:00
9:36:00 5 0:31:00
9:38:00 6 0:33:00
9:41:00 7 0:36:00
9:43:00 8 0:38:00
9:45:00 9 0:40:00
9:47:00 10 0:42:00
9:48:00 11 0:53:00
9:50:00 12 1.00:00
9:52:00 13
9:54:00 14
9:55:00 15
9:57:00 16
9:58:00 17
10:00:00 18
10:01:00 19
10:02:00 20
10:03:00 21
10:05:00 22
22000
RUNOFF COEFFICIENT 0.25
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DATA COLLECTION SHEET
STATUS : REAPPLICATION SIMULATION
DATE: 12/14/2002
PLOT: Poly Bond
AREA : 50.16 sq. ft. 46598.64
PLOT RAINFALL :
START TIME END TIME
1G.40am 11.40am
VOLUMETRIC FLOW FROM PLOT (ml): 12
RAINFALL RATE (volume)(ml) : 61.89 RAINFALL RATE (depth)(cm) : 2.34
. 'iW *
WM
57 ' 5 6 ± w
2 .4 2  I 2 4 6  I 2 .4 6
Ü^5 \ 2M rüo
" il i 1 2.12 ^ 2 4 6
VOLUMETRIC RAIN : 109157.38
PRESSURE AT JUNCTION : 
RUNOFF COEFFICIENT
19 psi at 4m______psi
Cumulative Cumulative
Time Volume Time Volume
10:43:00 1 11 22:00 36
10:47:09 2 11 23:00 37 0:03:00
10:48:45 3 11 23:50 38 0:07:09
10:49:45 4 11 24:30 39 0:11:00
1051:00 5 11 26:00 40 0:13:15
10:52:00 6 11 26:40 41 0:16:40
1053:15 7 11 27:30 42 0:24:00
1054:30 8 11 28:30 43 0:30:55
1055:30 9 11 29:10 44 0:46:40
1056:40 10 11 30:00 45 1:03:00
1057:50 11 11 31:00 46
10:59:00 12 11 31:50 47
10:59:40 13 11 32:30 48
11:00.40 14 11 33:10 49
11:02:00 15 11 33:55 50
11:03:00 16 11 34:40 51
11:04:00 17 11 35:50 52
11:05:10 18 11 36:10 53
11:06:30 19 11 37:00 54
11:07:30 20 11 38:00 55
11:08:15 21 11 39:00 56
11:09:10 22 11 40:00 57
11:10:00 23 11 41:30 58
11:1055 24 11 42:10 59
11:11:35 25 11 43:00 60
11:12:30 26
11:13:15 27 60000
11:14:00 28
11:15:00 29
11:16:00 30
11:16:30 31
11:17:30 32
11:18:15 33
11:19:10 34
0.55
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